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Preface

On behalf of the Chinese Industrial Engineering Institution, CMES, I am honored to welcome
all the delegates of the 21st International Conference on Industrial Engineering and Engi-
neering Management (IEEM 2014). It is your great efforts that brought out the proceedings of
IEEM 2014, which records the new research findings and development in the domain of
IEEM. What is more exciting, you are the experts or scholars with a significant achievement in
the field. I believe that the proceedings will serve as a guidebook for potential development.

Being one of the most important international conferences in the field of industrial engi-
neering and engineering management, it has been successfully held 20 times. Each conference
was regarded as the greatest event in industrial engineering and engineering management.
Today, we gather together in the beautiful city of Zhuhai to celebrate the 21st International
Conference on Industrial Engineering and Engineering Management in the harvest season. The
conference is sponsored by Chinese Industrial Engineering Institution, CMES and organized
by Tianjin University of Science and Technology. The conference theme is “gathering the
research results of the experts in the field, encouraging in-depth exchange of academic the-
ories, exploring industrial innovation and development, promoting the world economic
prosperity”.

Now, industrial engineering theories and applications are facing ongoing dramatic para-
digm shifts. The 21st IEEM responds to the reality by establishing an advantageous platform
for experts, scholars, and business people in this area to exchange their state-of-the-art
research in the field of industrial engineering and engineering management and by outlining
new developments in fundamental, approaches, methodologies, software systems, and appli-
cations in this area to promote industrial engineering application and development in the
future.

We extend our sincerest thanks to Atlantis Press for their generous support in the com-
pilation of the proceedings. Next, we extend our sincerest thanks to Beijing Institute of
Technology for holding such an excellent event. Finally, we thank all the delegates, keynote
speakers, and the staff of the organization committee for their contribution to the success of the
conference in various ways.

Chair of the conference Academic Committee Ershi Qi
President of Chinese Industrial Engineering Institution, CMES
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Application on Product Information Storage of Expanded Linear List Based on
Two-dimension Array

Neng-hao CAI
College of Management and Economics, Tianjin University, Tianjin, China 

(banpai345@126.com) 

Abstract - Array can be regarded as a specific kind of
extension of linear list. Based on two-dimension array, we
extend the general linear list and present a new data
structure which can be used to store and summarize
product information. By implementing data storage system
utilizing the new data structure, better logic association
among data can be reflected, and it also facilitate the
information retrieval process. This work gives a new way
of thinking in product information storage.

Keyword - Data structure, linear list, product
information storage, two-dimension array

I. BACKGROUND
It is essential that a production-oriented enterprise

collect detailed informat ion of its products and utilize
the information to optimize business strategies, to
promote production efficiency or to orientate its market
accurately [1]. With the expansion of the scale of
production and market, more informat ion of product are
generated. So, in the enterprise informat ionization
process, it is necessary to summarize product
informat ion through a more efficient data structure in
order to achieve the efficient use of information [2].

Assume that a company launches n series of
products based on market positioning, namely, N1, N2,
N3 etc. The target consumers includes high-end
consumers, medium-end consumers, low-end consumers
who are divided by their consuming ability. In each
series, several models are produced according to factors
such as price or configuration (for example, N1 series
may have several models, such as N1-a, N1-b, N1-c).
According to real-life experience, under normal
circumstances, if a series targets at higher end
consumers, the number of its models tends to be limited.
Because in the same enterprise, one model targets at
higher end consumers has a higher price, and it has a
more limited market, thus it may have a limited sales
volume. In order to control cost, it will be unworthy to

launch more models.
In view of the above assumption, we intend to

present a new data structure which can be used to store
product information efficiently, when saving
informat ion to computers, the data structure should have
several characteristics:

1 From a logical standpoint, different series of
products should be sorted and stored according to the
reference price of its target market, thus the market
orientation of products can be reflected.

2 From a logical standpoint, to provide enterprise
with information for reference, different models of
products should be sorted and stored by price.

3 The comparison of prices between one particular
model and the corresponding series which the model
belongs should be facilitated.

4 Different models, d ifferent series of products can
be compared in terms of price.

5 It should be easy to query and retrieval product
information.

In fact, p roduct series can be thought of as a base
class, then the models of the series can be considered as
its derivations. To simplify the complexity of the
problem, we assume product series and product are of
the same data type, the unique identity is prod
name (or the name of product series), and only the price
informat ion are contained in the data type. The price of
one series is the market reference price (or the average
price in the industry) and the price of one product is its
tag price.

II. PROBLEM ANALYSIS

The storage of product information can be
implemented by varied data structures [3, 4].

For example, the implementation utilizing a tree
structure is shown in Fig.1.

Fig.1. Utilizing tree structure to store information
By using the tree structure, the logic correlation

among data can be well reflected as well as the relation
between series and models [5]. But considering that one

tag price is within a certain range above or
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below the market reference price of its corresponding
series, the tree structure cannot intuitively reflect the
correlation between market reference price and

tag price. Meanwhile, if we want to retrieval
one specific information, we need to access
down by the root node, thus retrieving through the tree
structure is not flexible.

If the storage system utilize normal linear list
based on one-dimension array, the approach is as shown
in Fig.2:

n3
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n3-b
n3-c

Data
Elements

Serial
No.
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Data
Elements

Data
Elements

Fig.2. the linear list  approach 

Fig.3. the diagonal-major order storage structure based on
two-dimension array 

The linear list approach [6, 7] has a limitation of 
showing the correlat ion among series, by  using the 
linear list approach we also need to create different 
tables corresponding to different series, thus it is not a 
flexib le approach. But because the data structure is 
implemented by array, we can retrieval information very 
easily [8].

For the above analysis, we hold the view that a 
data structure based on two-dimension array would have 
certain advantages. Compared with one-dimensional 
array, the extra dimension can be utilized to reflect the 
correlation among series without losing the flexib ility of 
retrieval and traversal via array index.

In general, two-dimension array has two ways to 
store informat ion, respectively, row-major order storage 
and column-major order storage [9]. But in order to 
further enhance the data associativity, also considering 
the development of computer hardware level and that 
company has ability to estimate its scale of p roduction, 
we can sacrifice some storage space and modify the 
two-dimension array by implementing a diagonal-major 
order storage.

As shown in Fig.3, the diagonal elements a[i][i]

are sorted (ASC) by p rice and stored in  diagonal 
elements starting from a[0][0]. For models in one series 
a[t][t], the informat ion of those models whose price are 
higher than the series price are stored (ASC) in a[t+1][t ],
a[t+2][t],
than the series price, their information are stored (DESC) 
in a[t][t+1], a[t][t+2], a[t][t+3]

The diagonal elements sequence can be considered 
a normal one-dimensional list with all operations of 
one-dimensional list can be applied. While for a given 
series a[t][t], both the horizontal sequence and the 
vertical sequences can also be seen as normal 
one-dimensional linear lists, thus the proposed approach 
has obvious advantages in retrieval and traversal 
process.

The proposed data storage structure make an 
intuitive and clear reflect ion of correlation among 
different models or different series also the correlation 
between models and series they belong to. Additionally, 
all the data operations such as insertion, deletion, 
updating are conducted via index, hence it will be more 
convenient and flexible [10].

It should be noted that when utilizing  the proposed 
data structure to store product information, prio r 
estimates of product series information and product 
models informat ion need to be made so appropriate 
storage space can be allocated to the two-dimension 
array. If p roduct information exceeds the pre-allocated 
storage space, the storage space for an array  should be 
dynamically increased, which to some extent causes 
undesired operations.

It should also be noted that for element a[i][i] 
(i=0,1,2 ... ... ) in  major order, ie. the d iagonal elements, 
with the increase of i, the corresponding row and 
column has less space for storage. Thus the diagonal 
elements should be inserted in ASC order by price 
starting from a[0][0].

III. IMPLEMENTATION OF DATA STORAGE

TABLE I
DATA OF SERIES AND MODELS

(Unit: Price/Unit)
Product series Model Tag price
N1
Average price: 50

N1-a 55
N1-b 52
N1-c 46
N1-d 48

N2
Average price: 30

N2-a 36
N2-b 34
N2-c 29
N2-d 28
N2-e 30

N3
Average price: 20

N3-a 22
N3-b 27
N3-c 22
N3-d 21
N3-e 19

N4
Average price: 100

N4-a 123
N4-b 112

0 1 2 3 4
0
1
2
3
4

Serial
No.

key

higher

lower
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To illustrate how the data structure works, a set of 
product information is taken as an example. Assuming 

mat ion is as follows (Tab le 
I). The product series consists of N1, N2, N3 and N4. 
Among which N2 and N3 target at low-end consumers, 
N1 targets at medium-end consumers and N4 targets at 
high-end consumers. All models and their 
corresponding tag prices have been given in Table I. The 

long-term strategic plan o f the enterprise is to launch a 
series N5 for the medium-end market, while phasing out 
the N2 series.

A. Initializing an empty data structure
This step is to estimate the produce information 

and allocate proper storage space, the initial empty data 
structure is shown as Fig.4

Fig.4.empty data structure Fig.5. series data import Fig.6. model data import
The series data should be inserted into the diagonal

positions one by one, whenever a series information is
inserted, comparison should be made in order to make
sure that a[i][i] are sorted by price (see Fig.5). Then
insert the information of models belong to each series,
before insertion, comparison to the series price (average
price in the industry) should be made. For those product
whose tag price is higher than the series price, their
informat ion should be inserted into the corresponding
row; for those whose tag price is lower than the series
price, their informat ion goes into the corresponding
column. If the tag price is equal to the series price, we
set a man-made ru le that its informat ion should be
inserted into the corresponding row; then make
comparison and sort the inserted data in the
corresponding row or column (see Fig.6).

B. Data insertion
If we want to insert the informat ion of N5 into the 

structure (assuming the average price of N5 series is 60), 
the insertion process is as follows:
(1)
series, it can be seen

(2)
which belong to series N4 from the original position 
[p][q] to [p+1][q+1].
(3)
and import all N

C. Data deletion
If the enterprise plans to cease product N2-b of the 

N2 series, we can simply remove it from the data 
structure just like operating on a linear list. If it is the 
whole N2 series which is to be ceased, we just need to 
remove all N2 series data by deleting data of the 
corresponding row or column in a linear list operation 

original position [p][q] to [p-1][q-1].

D. Data traversal and retrieval
To traverse data is simply to follow diagonal order 

and access data in the corresponding row or column via 
index. The retrieval process is also based on array 
indexing and there is no need to go into details here.

The implementation (C++ code) is as follows, 
comments are made to explain some detailed code and 
all the following code has been tested and validated on 
computer.
class Product        // class of series or product model  
{ 
public: 
 char* name;               //series name or model name
 int price;                                   //price
 Product(char*, int);                     //constructor
};
class D_List                 // two-dimension array storage
{ 
public: 
 Product** elem;                // second rank pointer 
 int num;                         //number of series
 int width[100];             // horizontal storage space
 int height[100];               // vertical storage space
 int listsize;               //initial side length of the table 
};
//----implementation of constructor---- 
Product::Product(char* n, int p) 
{ 
 name=n; 
 price=p; 
} 
//----initialization of the two-dimension array----
int InitD_List(D_List &D, int n) 
{ 

//create pointer arrays
 D.elem = (Product**)malloc(n*sizeof(Product*));  

if(!D.elem)return 0; 
 for(int i=0;i<n;i++){   
  //for each row, allocate space for storage (n elements)
  D.elem[i] = (Product*)malloc(n*sizeof(Product));} 
 D.listsize=n;             //side length of the table is n 
 D.num=0;              //the initial number of series is 0 
 for(int i=0;i<n;i++){ 
  //set the number of model to 0 
  D.width[i]=0; 
  D.height[i]=0;} 
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 return 1; 
} 
//----insertion of series data----
int InsertSeries(D_List &D, Product s) 
{ 
 if(D.listsize<=D.num)return 0; 
 for(int i=0;i<D.num;i++){  
  //traverse each series  
  if(s.price < D.elem[i][i].price){ 
   MigrateSeries(D,i); 
   D.elem[i][i]=s;      //insert into position i 
   D.width[i]=D.height[i]=0; 
     return 1;} 
 } 
//if the price is higher than all existing series, insert into the far end 
position
 D.elem[D.num][D.num]=s; 
 D.width[D.num]=D.height[D.num]=0;  
 D.num+=1;            //update the number of series
 return 1; 
} 
//----model data insertion----
int InsertProduct(D_List &D, Product s, Product p) 
{ 
 int n;            //index to find the corresponding series 
 for(int i=0;i<D.num;i++){ 
  if(s.name==D.elem[i][i].name) 
  {n=i;break;}            
     //find the series s belongs to 
  if(i==D.num-1)return 0; }
 if(p.price >= D.elem[n][n].price) { 
  //if price is no less than the series price, insert into the 
corresponding row  
  if(D.listsize<=D.width[n]-1)return 0; 
  for(int i=0;i<=D.width[n];i++) {
   if(p.price < D.elem[n][n+i].price){ 
    MigrateProductW(D,n,i);  
    D.elem[n][n+i]=p;                
    return 1;}} 
  D.width[n]+=1;    //update the number of models 
  D.elem[n][n+D.width[n]]=p; 
  // if the price is higher than all existing models, insert 
  //into the far end position 
  return 1; 
 } 
 else{ 
  //if the price is lower than the series price, insert 
  //vertically
  if(D.listsize<=D.height[n]-1)return 0; 
  for(int i=0;i<=D.height[n];i++){ 
   //the following code is like the preceding code but 
   //in an opposite way 
   if(p.price > D.elem[n+i][n].price){ 
    MigrateProductH(D,n,i); 
    D.elem[n+i][n]=p; 
    return 1;}} 
  D.height[n]+=1; 
  D.elem[n+D.height[n]][n]=p; 
  return 1;} 
} 
//----move the series at position n horizontally to the right---- 
int MigrateProductW(D_List &D, int n, int m) 
{ 
 for(int i=D.width[n]+1;i>m;i--){ 
  D.elem[n][n+i]=D.elem[n][n+i-1]; } 
 D.width[n]+=1;           //update the number of models
 return 1; 
} 
//---- move the series at position n vertically downwards ----
int MigrateProductH(D_List &D, int n, int m) 
{ 
 for(int i=D.height[n]+1;i>m;i--){
  D.elem[n+i][n]=D.elem[n+i-1][n];} 
 D.height[n]+=1;          // update the number of models 
 return 1; 

} 
//---- move all the series behind position n rearward ----
int MigrateSeries(D_List &D, int n) 
{ 
 if(D.listsize<=D.num)return 0; 
 for(int i=D.num;i>n;i--) {
  D.width[i]=D.width[i-1]; 
  D.height[i]=D.height[i-1]; 
  //update the numbers of models in both orientation for 
  //the following loop
  for(int j=0;j<=D.width[i];j++){ 
   //horizontally copy data 
   D.elem[i][i+j]=D.elem[i-1][i-1+j];} 
  for(int j=0;j<=D.height[i];j++){ 
   //vertically copy data 
   D.elem[i+j][i]=D.elem[i-1+j][i-1];}} 
 D.num+=1;             //update the number of series
 return 1; 
}  
//----deletion of series at position n ---- 
int DeleteSeries(D_List &D, Product s) 
// the following code is like the preceding code but in an opposite way 
{ 
 int n;                                      //index n
 for(int i=0;i<D.num;i++){ 
  if(s.name==D.elem[i][i].name) 
  {n=i;break;}         //find the corresponding series 
  if(i==D.num-1)return 0; //if there is no such series, exit  
 } 

//the deletion will not be conducted if n is less than 0 or no less 
//than the far end index 

 if(n<0||n>D.num-1)return 0; 
 for(int i=n;i<D.num;i++){ 
  D.width[i]=D.width[i+1]; 
  D.height[i]=D.height[i+1]; 
  //update the numbers of models in both orientation for 
  //the following loop
  for(int j=0;j<=D.width[i];j++){  
   //horizontally copy data 
   D.elem[i][i+j]=D.elem[i+1][i+1+j];} 
  for(int j=0;j<=D.height[i];j++){           
   //vertically copy data 
   D.elem[i+j][i]=D.elem[i+1+j][i+1];} 
 } 
 D.num-=1;                // update the number of series
 return 1;}  
//note that this operation does not actually delete data of the series at 
//the far end, but //the number of series (D.num) is updated and the 
//data will not be accessible to users, //thus it  is equivalent to deletion.  

IV. CONCLUSION 

This paper provides a new way of thinking to serve
the storage of product informat ion. The diagonal-major 
order storage method based one two-dimension array
can better reflect the logical correlat ion. By utilizing
array index, the traversal process of data is simplified.
Although the proposed data structure is not so
economical in storage space comparing to tradit ional
tree structure or one-dimensional array structure, but
given the current high levels o f computer hardware, and
that company often has ability to estimate its scale of
production, the advantages of data structure are still
visible.
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Abstract - Short-term traffic flow prediction plays an 
important role in route guidance and traffic management. 
K-NN is considered as one of the most important methods in 
short-term traffic forecasting, but some disadvantages limit 
the widespread application. In this paper, we use four tests 
to find the key factors of the K-NN method, which will give 
inspires to the further research to improve the method.

Keywords - K-nearest neighbors, key factors, short-
term traffic flow forecasting 

I. INTRODUCTION 

Shore-term traffic flow forecasting has played an 
important role in the intelligent transportation system 
(ITS). Traffic management departments can use it to 
design strategies of traffic control and traffic guidance, 
while travelers use it to make route choice. Under the 
above benefits, short-term traffic flow forecasting has 
become an attractive field both in traffic science and 
traffic engineering.  

By definit ion, short-term traffic fo recasting is the 
process to predict key traffic parameters such as speed, 
flow, occupancy, or travel t ime with a forecasting horizon 
typically ranging from 5 to 30 minutes at specific 
locations. 

There are generally two kinds of approaches for 
short-term forecasting: parametric approach and non-
parametric approach. The parametric approach assumes 
that there is an exp licit  forecasting mathematic by a set of 
parameters. Historical data is then used to find out a group 
of parameters which can minimum the forecasting error 
(gained by the historical data). Afterwards, the model can 
be used in the real-time forecasting. 

Contrarily, instead of finding the exp licit  
mathematic form the relationship between inputs and 
outputs, nonparametric approaches are data-driven and 
allow data to speak for itself [1] (Bosq 1996). The most 
popular nonparametric approaches includes
nonparametric regression (NPR). 

The NPR model is a data-driven approach. Instead 
of trying to compress all train ing data into a set of 
mathematical specificat ions  (parametric approaches) or a 
certain network (ANN) through modeling process, it 
retains all h istorical observation and searches for the most 
similar case of the current state, based on which 
forecasting is then made. Oswald, Scherer et al. (2000) 
investigated the practical use of NPR model, and 
discussed some problem likely to encounter in the real 
world usage [2]. (Clark 2003) studies the multi-variant 
NPR forecasting, as well as the influence of neighbor size 
and the transferability of database, which are valuable for 

the practical use of NPR model [3]. (Chang, Zhang et al. 
2011) made three improvements, including the data 
organization and the search mechanism, fo r faster 
calculation and higher accuracy [4]. Other researches 
considered additional informat ion in NRP forecasting, 
such as historical traffic state and traffic condition 
informat ion, and stated these helps to reduce forecasting 
error [5, 6] (Abdulhai, Porwal et al. 2002; Gong and Wang 
2002). 

With the continuous deepening researches on K-NN, 
they become increasingly mature in short-time traffic flow 
forecasting and will be applied in intelligent 
transportation system [7, 8] (Friedman, Bentley et al. 1977;
Van Der Voort , Dougherty et al. 1996). For example, with 
the help of nonparametric forecasting models, a  real-t ime, 
on-line, self-learning forecast system can be implemented 
[9] (Zhu and Yeh 1998). 

In practical applications, Although K-NN has many 
advantages, the application of nonparametric regression 
methods still have to pay attention to that the K-NN 
method involve massive data and calculations. 

II. K-NEAREST NEIGHBORS NONPARAMETRIC 
REGRESSION 

In fact, nonparametric regression is based on pattern 
matching and data mining. Suppose the short-time traffic 
flow forecasting has to predict the traffic flow of a section 
at next  time epoch, the corresponding influencing factors 
( 1 ~ nf f ) have to be exp lored  firstly [10-12] (Bentley  1975;
Bentley and Friedman 1979; Bentley 1990). These 
influencing factors may include traffic flows of the 
section and upstream section at previous time epoch, 
weather, road conditions, etc. In this paper, 1 ~ nf f  are 
taken as the state components of the system, which 
compose the state vector of the system 1( , , )nf f, )nf, n . The 
traffic flow at  the forecasting time epoch (q) is called as 
decision attribute, which is determined by 1( , , )nf f, )nf, n .
In other words, the current state vector 
( 1( , , )nF f f, )nf, n ) determines q at the forecasting time 
epoch. In this paper, F and q composed a pattern vector 
( 1 2{( , , , ) | )nP f f f q, ) | )n, ) |) | ).

Search k nearest neighbor (KNN) of the forecasting 
state ( preF ) in the h istorical pattern according to equation 
(1) and then predict by using q of KNN. 
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III. EXPERIMENTAL DATA  

The Data used in this research is collected from 
website of University of Minnesota Duluth 
(http://www.d.umn.edu/tdrl/traffic/ ). Real-t ime traffic data 
have been collected since 1997 from over 4,000 double 
inductive loop detectors located around the Twin Cities 
Metro freeways. The road used for experiment is a section 
of I-35E South, intersecting with TH110 and Wagon 
Wheel trail. The network structure and detectors layout is 
shown in Fig.1. 

Fig.1. Twin Cities Metro freeways
Traffic data come from University of Minnesota 

Duluth (http://www.d.umn.edu/tdrl/index.htm). Based on 
the traffic management center of Minnesota, the Traffic 
Data Research Laboratory of University of Minnesota 
Duluth can provide all traffic data on expressways 
surrounding the University of Minnesota-Twin Cit ies. 
These data were collected continuously by more than 
4,000 loop detectors around the whole year and 
compressed in exclusive format, enabling to output traffic 
flow and occupancy recorded by desired detector during 
the desired period. 

A. Pattern composition  
In this paper, data collected during 2012.03.01-

2012.04.31 were used. We have recoded all the detectors 
in the map. Traffic flow at  detector 1-5 and detector 2-6
are selected for experiments. For convenience, in the 
remain ing of the paper we name them as site1 and site2 
respectively. 

With respect to the traffic flow forecasting at 
detector 1-5 and detector 2-6, the test adopted two 
compositions of state vector of modes: simple pattern: 
For data that is time series in nature, a  state vector defines 
each record with a measurement at time [13,14] (Smith and 
Demetsky 1997; Smith, Williams et al. 2002);
complicated pattern: both historical flow on time series of 
the forecasting section and flow of related upstream 
section are taken into account [6,15] (Abdulhai, Porwal et al. 
2002; Li, Li et al. 2013). 

Time-series pattern and temporal-spatial pattern 
under different state vectors were presented in the 
following. 

For detector 1-5:
15

- 15 15 15 15{ ( ), ( -1), ( - 2) | ( 1)}Time seriesP f t f t f t f t (1) 

15
15 15 15 12 12 14 14 15{ ( ), ( 1), ( 2), ( ), ( 1), ( ), ( 1) | ( 1)}Temporal spatialP f t f t f t f t f t f t f t f t (2) 

For detector 2-6:
26

- 26 26 26 26{ ( ), ( -1), ( - 2) | ( 1)}Time seriesP f t f t f t f t    (3) 
26

26 26 26 24 24 25 25 26{ ( ), ( 1), ( 2), ( ), ( 1), ( ), ( 1) | ( 1)}Temporal spatialP f t f t f t f t f t f t f t f t (4) 
where ( )ijf t  is the flow detected by detector i j  at 

t  and ( 1)ijf t  is the flow detected by detector i j  at 
t-1.

In the KNN system design, nearest neighbors within 
a ring (centered at the forecasting pattern and 50r )
are searched firstly by combining fixed rad ius and fixed 

KNN search strategy. If *k  patterns were searched, then 
the number of nearest neighbors (k) can be determined by 
the following equation: 

* *

*

20
20 20
k k

k
k                        (5) 

B. Evaluation index of test results 
RMSE is the common evaluation index of test 

results: 

2

1

1 ( )
N

i i
i

RMSE x x
N                 (6)

where ix  is true value, ix  is predicted value and 

N  is number of patterns. RMSE is affected by the value 

absolute error. Therefore, this experiment used the mean 
absolute error (MAE) fo r evaluating the test results. MAE 
is dimensionless and insensitive to the value range of 
experimental subject. 

1

1 N i i

i i

x x
MAE

N x                    (7)

IV. TEST DESIGN 

A. Test1 
The original traffic flow data collected during 

2012.03.01-2012.04.30 were processed firstly to generate 
corresponding patterns. In the original state vector, states 
deviated significantly from the group are called as outliers. 
Although patterns including these outliers are real, they 
are against the test and deleted by using DBScan 
algorithm. 

Density-Based Spatial Clustering of Applications 
with Noise (DBScan) is a representative clustering 

number of clusters in advance as it can identify all forms 
of clusters. More importantly, it can recognize outliers  
(red points in Fig.2). 
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Fig.2. Two-dimensional projection of original state vector distribution 
(red points are outliers)

After the processing, the candidate data set ( C )
contains 15,500 data. Div ide C  in to  100 subsets 
randomly ( 1 2 100, , ,c c c100c

1 2 100 ,   , 1,2, ,100i jc c c C c c i j i j2 100 1,2, ,100i j i j i j  ,,c c C c c2 100 , i j i j   ,,C c cC c c, i j ).

Both KNN and ANN predicted the traffic flow on 
2012.04.31 for 100 t imes and added a new data subset in 
the database after every prediction. Next , the data in the 
new database were used for KNN pred iction and ANN 
training. 

Fig.3 shows spatial distribution of state vectors with 
different data density. y

a 

b 

c 

Fig.3. a 1% data density, b 25% data density, c 50% data density, 
d100% data density 

Test results were listed as Fig.4: 

Fig.4. Mean prediction error against data density (MED) 

B. Test2 
Test design: Divide P  into three independent 

subsets ( , ,A B CP P P ). Fig.5 is the two-dimensional 
projection of their state space. 

A

B

C

Fig.5. State space division 
Decrease data in B at a  rate of 1/15 and take the new 

dataset as the database of nonparametric regression 
forecasting system and training data of ANN system. 
Meanwhile, A and C are taken as the test set for 
prediction. 

Test results were listed as Fig.6: 

Fig.6. Mean prediction error against data density 

C. Inspirations from tests 
Viewed from the prediction nature, we can find that 

KNN system predicate traffic flow by averaging the 
neighboring patterns of the forecasting pattern. Longer 
running history of database will bring more similar 
neighboring patterns of the forecasting pattern. 
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Fig.7. Comparison of prediction error and data density 
Fig.7 shows the prediction results of Timporal spatialP

of KNN system at SiteII with random increasing. Point 
Num. represents the number of nearest neighbors 
searched by KNN system within the ring of 45r
centered at the forecasting point and MAE represents the 
mean predict ion error. When data density reached to the 
data density at turning point, MAE tends to be stable. At 
this moment, 7 nearest neighbors in average are searched 
within the ring. Subsequently, e xcessive nearest neighbors 
searched within the ring make no  contributions to the 
prediction error reduction. 

V. CONCLUSIONS 

The short-time traffic flow forecasting performances 
of KNN and ANN methods are analyzed through tests, 
finding that: 

1. The prediction accuracy of KNN system presents 
no linear improvement with the increasing of data size in 
the database. When data size increases to a certain level, 
the prediction accuracy of KNN will remain basically 
same. 

2. The predict ion accuracy of KNN is closely related 
with the state vector. More information contained in state 
vector will make it more representative and thereby brings 
higher prediction accuracy. 

Additionally, this paper also explored some ways to 
further improve the p rediction accuracy  of ANN and 
KNN, such as optimizing composition of state vector, 
deleting data in high-data-density region, using 
representative data and using time-series data increasing. 
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Abstract – PPP (Public-Private-Partnerships) has been 
widely used because of its high investment efficiency, high 
degree of market and the advantages of optimizing the 
allocation of resources. In the pre-investment stage study of 
PPP projects, this paper considers the self-interested 
behavior of the private sector and the public sector and 
self-interest investment issues. In the study of the factors 
which influence residual control rights of PPP projects, we 
make self-interest investments as variables, then develop a 
mathematical model of the game to discuss how to allocate 
residual rights of control, and on this basis, we have 
proposed several measures to improve the cooperation 
efficiency in PPP projects. 

Keywords – Efficiency, Public-Private-Partnerships, 
residual control rights, self-interest 

I. INTRODUCTION 
 

Grossman, Hart and Moore have proposed 
incomplete contract theory (GHM), who think that 
residual control rights should be allocated to important or 
indispensable investment [1]-[2]. Hart supposes that the 
difference between private providers and the government 
package is the distribution of residual control rights. 
Concluded that Internal government services is preferred 
when the efforts of innovating cost bring large damage to 
quality, the efforts of innovating quality is very important 
and corruption is a serious problem for government 
procurement. When the efforts of innovating cost bring 
the quality fall within the scope of control, privatization 
is the preferred [3]. Besley and Ghatak think if the 
contract is not complete, then the ownership of public 
goods should be attributed to the high-valued side [4]. 
There are a lot of quasi-public goods in the real world, 
Francesconi and Muthoo think that optimal allocation 
depends on technological factors, the participant's 
evaluation of the goods, the degree of public goods [5]. 
 
 

II. OVERVIEW OF RESERCH 
 

Zhang Zhe etc think that when firms have 
self-interest investments, different parameters 
corresponding to the share of bilateral cooperation which 
have different degrees of residual control rights, which is 
the key to improve the cooperation efficiency [6]. Sun Hui 
etc think that the income distribution program, the 
irreplaceable-degree of the partners’ investment and the 
satisfaction of both sides on the projects’ future earnings 
are the three factors that influence residual control rights 
provisions in PPP projects [7]. 

In the study of the relationship between government 

self-interest and non- government interest [8]-[10], foreign 
scholars have two extreme views. One view think that the 
government is representative of the public interest which 
deny self-interest of government; another view is to deny 
the public interest that the government is only seeking 
self-interest "economic man" [11]-[12]. Chinese scholars 
have done some researches on the self-interest of the 
government, there are three views. (1) Based on the 
nature of the government [13]. (2) The government should 
not have selfish behavior. Government self-interest and 
the public interest are in opposing state [14]. (3)The 
interests of government and social public are both 
coherence and oppositional[15]. 

 
 

III. MODELING OF ALLOCATION OF RESIDUAL 
CONTROL RIGHTS 

 
Let the public sector G and the private sector N 

cooperate to provide certain public goods F, in the initial 
contract clearly states the allocation of initial control 
rights and the distribution of future income. In the 
investment stage, the two sides began to 
relationship-specific investments and which will be 
known by each other. Refer to Besley, Francesconi and 
Muthoo’s model, includes the following three 
periods—time 0: the initial phase of the contract signed 
between G and N; time 1: specific investment stage; time 
2: the allocation of co-income between G and N. let G 
and N are risk-neutral as BG shows. 
 
A. Time 0--initial phase of the contract signed 

Time 0, the initial contract will specify project 
future earnings distribution plan, and assign the initial 
control between G and N, we suppose that G has the ratio 
of residual control rights is , then N has i- ,  is 
continuous, and  
 
B. Time 1-specific investment stage 

Time 1, we suppose that the investment of G is 
 (self-interest investment), and the investment of G 

is self-interest investment), is the cost 
function of , and , the benefit of this 
project is . 

When , the benefit of the project is 
, and when , the benefit of the project 

is ,  are function of . 
When the two sides dedicated public and private 

investment, they face with the following two Situations. 
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One side, if only by the initial allocation of control to 
operate , the benefit of the project is , at 
the other side, if both side have a positive 
communication during this process, the benefit of the 
project is , and we know 

, we suppose that  is the 
linear combination of and , 

and we let 
 

At this moment, will bring G the earnings , 
and suppose that  so as to that 

 will bring N the earnings , and 
; Then combined with China's actual 

situation,  will not only increase the project’s revenue, 
but also to bring the private sector’ image improvement 
and reputation of the community, this part of the benefit 
is , and .Self-interested 
investment will do harm to the benefit of PPP projects’ 
income due to negative externalities, so we suppose that 

 . 
When , marginal productivity of  is bigger 

than the situation when , so we suppose that 
, and as to 

 
C. Time 2-the allocation of co-income between G and N  

Time 2, cooperation decides the negotiations and 
consultations about whether transfer payments or not. If 
the negotiation is successful, consensus agreement, the 
benefit of G and N are as follow: 

     (1)
           (2) 

 is i’s evaluation factor of F’s future 
earnings, and we have ,  is transfer 
payments from the government public sector to the 
private sector, can be positive or negative. If the 
negotiation fails, then G and N operate F only by initial 
contract, then the certainly revenue of both sides are as 
follow: 

         (3)
(4)

By the analysis, negotiation of bilateral cooperation 
to bring the remainder of cooperation is 

, for any , at period one, we 
assume that the two sides cooperate in accordance with 
the remainder allocated to the Nash equilibrium, that is to 
be allocated in a 1:1 ratio, the two sides cooperate to get 
the remainder are , Then G and N’s revenue function 

are: ,  
So we get: 

(5)  
(6)

So, the ultimate benefit of both projects is: 

Finishing get: 

                                         (7) 

                              (8) 
In the case of cooperation when put in the best 

welfare maximizing public revenue should satisfy: 

                          (9) 
Let the above formula be , on the basis of , for 

 and  partial derivative, since the model is assumed 
to set the four inputs of N and G are independently, then 
second order cross partial derivatives is 0,so we have 

, for 
simplification, we get the following equation: 

                                      (10) 

 

             (11) 

Similarly, let   

         (12) 

              (13) 
  

  
So we get: 

                                        (14) 

                             (15) 

 

(16)
So we get: 

(17)

(18)

So we have , finally got 

simplification:  
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(19)

(20)

(21)

On the basis of the four equations above, we have 
four lemmas follow, discuss the relationship between 

 and . 
Lemma 1: the relationship between  and  

On the basis of , when , >0 is always 

true; when  and , we’ll 

have >0. 
The lemma shows that when the project evaluation 

of G is lower than the evaluation of N and only in 
satisfy certain conditions, then we can exert control 
motivation for investment in the public sector; otherwise, 
when the project evaluation of G is higher than the 
evaluation of N, just to give some control over the public 
sector, we will be able to endow the role of control over 
the public sector for investment incentives. 
Lemma 2: the relationship between  and  

On the basis of , regardless of the magnitude 
relationship between  and . when 

then >0, when 

, we’ll have  <0. 

The lemma shows that when k larger and satisfy 
>0, then as increases public sector self-interest 

investment incentive is to enhance, this is also in line 
with the social practice. Then when give the private 
sector over the public sector more residual control rights 
and satisfy <0, as  decreases,  increase. 
Lemma 3: the relationship between  and 

On the basis of , when , >0 is  
always true; when  and 

> , we’ll have >0, when 

< , 0  

The lemma shows that when , N has higher 
proportion of control, can play a role in controlling the 
right incentives. When , only  satisfy certain 
conditions, giving control over the private sector can play 
a role in control of incentive. 
Lemma 4: the relationship between  and  

On the basis of , regardless of the magnitude 

relationship between  and when , 

we’ll have  >0, when , we’ll have 

 <0. 

The lemma shows that when give the private sector 
over the public sector more residual control rights and 
satisfy  <0, as  decreases,  increases. In contrast, 
when the public sector over the private sector has more 
control and satisfies >0 as  increases,  increase. 

From the above four Lemmas, we have drawn the 
following two propositions: 
Proposition1 

On the basis of Lemma 2 and Lemma 4, when the 
existence of self-interest investments in public and 
private sectors. 

When  should be: 

When ,  should be: 

 

The proposition has said that in the case of public 
service and self-interest investment are presented, the 
best way to distribute is the scope of the existence of a 
separate self-interest into the public sector and the private 
sector alone. If , when  grows, self-interest 
investment can be reduced of the private sector, 
meanwhile, the self-interested behavior of public sector 
investment is also limited, and the project's negative 
externalities can be reduced also. When , 
self-interested behavior of public sector investment can 
be limited, and the self-interest of private sector 
investment will be constrained to a certain extent. 
Proposition2 

When the existence of self-serving behavior of the 
public sector, the influence of government guidance for 
the cooperation efficiency of PPP Projects. 

When  should be set in the range of 
proportions: 

 

When  should be set in the range of 
proportions:  

 

In both cases, the  is set over two ranges which 
can be achieved high cooperation efficiency in PPP 
projects. Excessive government intervention in any case 
would be inefficient for public-private partnership. 
 
 
 

IV. CONCLUSION 
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To improve the cooperation efficiency of PPP 

projects, combined with the conclusions of the above 
model and the reality, we have proposed five measures. 
First, develop a distribution plan which is the best 
operational in advance; second, develop the supply of 
relevant policies and the implement them; third, clarify 
the responsibility co-border of both the public and private 
in PPP projects; fourth, improve the government 
regulatory system; fifth, standardize the use of the PPP 
model to provide public goods market environment. 
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1Abstract - This paper put forward and analyzed the 
concept "virtual procedure database" (VPDs)operating 
system learning rate by using generalized stochastic Petri net, 
to analysis the performance of VPDs operating system .With 
the isomorphism relation between generalized stochastic 
Petri net and Markov chain, will meet the learning rate of 
the VPDs operating system of GSPN is transformed to the 
equivalent Markov chain model through using GSPN and 
Markov chain methods, to assess the performance of VPDs 
operating system, and verified by an example, provided the 
basis and reference for optimized VPDs operating system.

Keywords - Generalized stochastic Petri net, learning 
rate, Markov chain, virtual procedure databases 

I. INTRODUCTION 

In the complicated and changeable demand 
environment, it became hot issues in business and 
academia that production operation system of enterprises 
quickly adapt to complex needs change of market and the 
reasonable distribution of the skills of the workers in the 
operating system. Jiang et al. put forward the concept- 
"virtual operating systems" (VPSs) [1, 2], and through the 
establishment of a self-adaptive on a single p iece and 
small batch production VPSs integrated monitoring and 
dispatching system in virtual space, achieved real-time 
monitoring and dynamic adjustments scheduling [3]. Wang 
et al. (2006) established virtual process classification 
system by the processes characteristics, and the example 
showed the method of process quality controlled  mult i-
varieties and small batch production [4]. This paper put 
forward the concept virtual procedure databases  (VPDs) 
dynamic organizat ion model of operating system, which 
is based on the workers skills and process equipment and 
other factors to construct VPDs, it composed production 
line according to the requirement of process flow, product 
quantity of work and the delivery date, selecting 
production formulated products required corresponding 
process elements from "virtual p rocedure" in the 
workers/equipment. This paper is main ly on the VPDs 
operating system for modeling, and its performance 
analysis.  

For Petri-net has a powerful function of modeling and 
simulation, not only can describes the system state, and 
represents the system behaviors, is particularly suitable 
for distributed system modeling, In recent years, it has 
been widely applied in automat ion, mechanical 
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2Guangdong Social Science Planning Project (No.GD13XGL17)

manufacturing and other fields. Wang et al. used
generalized stochastic Petri net through the re-
manufacturing supply chain modeling, and analyzed the 
performance of the method on the supply chain [5]. This 
article uses VPDs operating system as the research object, 
firstly, described the specific process flow of the 
operating system, and then built the system Generalized 
Stochastic Petri net (GSPN) based on learning rate. 
Markov chain model which is isomorphic of the GSPN is 
proved, according to the theory in literature [6]. And 
analysis the specific process efficiency of operating 
system performance, based on the parameters of the 
steady state probability of Markov chain, find out the 
bottleneck, to adjustment and scheduling of the process 
and to optimize the process flow of employees in 
operating system.  

II. VDPs MODEL BASED ON GSPN

Taking a notebook production enterprise' production 
operation as an example, the production line is acceptance 
of an order.  

After receiving the order, the order will match the 
corresponding raw materials, then through the various 
steps operational requirements (6 steps) and different 
process steps, and each working procedure, are required 
to select and the corresponding process of workers from 
VPDs in the manual operation, and finally produced 2 
kinds of products of this order.  

With the repetition of workers to perform the same 
operation increases, each worker in the operating system 
improve the work efficiency will workers by the effect on 
learning effect, With reference to the literature [7], 
workers working time of single product and repeat the 
operation frequency is a negative exponential function 
distribution: 

)1(log/log
1

ab
x xtt

Using VisObjNet tools to create corresponding GSPN 
workflow model (Fig.1). The meaning of places and 
transitions in GSPN model shown in Table I. The GSPN 
model shown in Fig.2 consists of 17 places and 16 
transitions, transitions in link with HUMAN  is  
instantaneous transitions, the other transitions are delay 
transitions, The transitions of the transfer rate is denoted 
by i .  
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Fig.1. VPDs operating system GSPN model 
TABLE I 

THE MEANING OF PLACES AND TRANSITIONS 

Place Meaning
m1 Orders arrived
m2 Orders issued
m3/m4/m7/m9/m11/m12 Process first prepared
m5/m6/m8/m10/m13/m14 State of workers to complete second process
m16 State of products 1 completed
m17 State of products 2 completed
m15 State of workers assignment in VPDs
Transition Meaning
Order Accept orders and set to production workshop
T1/T2 Orders allocating
J i Product process completed
T i Process i transferring way to i+1

According to the princip le of isomorphic between 
exponential distributed stochastic Petri nets and 
continuous time Markov chains ,construct the effect of 
VPDs operating system of Markov chain models (Fig.2) in 

learning rate. In this figure, rate of delay transition it  is 
i

( 0i
) in each process, the rate of instantaneous 

transition about the staff assigned to corresponding 
process is 

i
( 0i

).  

Fig.2. Markov chains model of VPDs operating system 
According to every process completion t ime is 

exponential distribution, the transfer between d ifferent 
states caused by the delay transitions, according to Fig.2, 
building GSPN reachable marking, as shown in Tab le II. 
The number of tokens of iP corresponding to iM in Tab le 
II as shown in  the matrix Q . According to literatures [5-6],  
into the formula (1), the solution of linear equations, can 
be stable probability of each place. 

TABLE II 
REACHABLE MARKINGS OF THE MARKOV CHAIN 

m1 m2 m3 m4 m5 m6 m7 m8 m9 m10 m11 m13 m12 m14 m17 m16
M1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
M2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
M3 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0
M4 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
M5 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
M6 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
M7 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
M8 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
M9 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
M10 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
M11 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
M12 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0
M13 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
M14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
M15 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
M16 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

According to the GSPN Markov chain Reachable markings in Tab le II, get the corresponding transition transfer 
matrix: 
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Numerical Calculation 
VPDs operating system is composed of process skills 

of workers and equipments matching with the skills, it is 
built to more complex systems based on requirements  of 
product orders. In this paper, an order of production as 
example to analysis this paper used method, specific 
conditions such as shown in Fig.1, processing time of 
each step  is determined by assigned to the workers on the 
process based on the effect of learning rate, and the 
processing time is a negative exponential d istribution. The 
study select workers have the whole processes, and 
workers learn ing rate is set to a constant value k [8], each 
worker p rocess complet ion time is generated by the 
random generator, then:  

20
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There is build ing the steady state probability equation 
of GSPN based on each process completion time. then 
solute linear programming to get the steady state values of 
each process based on the steady state probability 
equations. 
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ix

Selecting a subsystem 'PN  in the GSPN model of the 
operating system and subsystem 20P  in module of 
operating system removal of P  and 1t , and the average 

marker number of subsystem calculated in steady state 
condition.  

760471.0))1(())1(())1((
))1(())1(())1(())1((

))1(())1(())1(())1(())1((

205251

42413231

222112110

PMPBMPBMP
BMPBMPBMPBMP

BMPBMPBMPBMPPMPN

The number of markers (token  number) into the 
subsystem in units of time is : 

275938.001971.04049275.04
)1((4))1((4 2111 BMPBMP

The average delay time of subsystem is: 
755949.2275938.0/760471.0/NT

The operation efficiency of all steps in VPDs can be 
reflected by its stability in the work o f the state in the 
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condition of probability, iP  has indicated that the system 
is in the working state, setting iB  that the efficiency of 
process i  completed, then: 

;044347.0)1)(()1)(()( 12111 BmPBmPBP
;172461.0)1)(()1)(()( 22212 BmPBmPBP
;195456.0)1)(()1)(()( 32313 BmPBmPBP
;068984.0)1)(()1)(()( 42414 BmPBmPBP

;210786.0)1)(()1)(()( 52515 BmPBmPBP
;137969.0)1)(()1)(()( 62616 BmPBmPBP

)()()()()()( 146235 BPBPBPBPBPBP
It can be obtained that the efficiency of each process 

ranking, it can be get workers is inefficient in the process 
5, it should to reduce the number of workers in  process 5, 
or arrange a part of workers in process 5 to have other 
extra processes; and workers in process 1 have high 
efficiency, it should increasing the number of workers or 
arrange workers assigned in other processes to process 1. 

III. CONCLUSIONS 

This paper calculated the stability of VPDs operating 
system by using the method of isomorphic GSPN and 
Markov Chain, using the Markov chain model, to transfer 
the GSPN model, simplify state space of the system, 
obtained the efficiency of workers in the learning rate and 
informat ion of VPDs operating system, to conveniently 
find the bottleneck in production, and provide reference 
for VPDs operating system in  staff scheduling and 
business restructuring.  
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A New Algorithm for the Risk of Project Time Based on 
Monte Carlo SimulationAbstract - In the service-oriented 
manufacturing model, customer participation proposes 
higher requirements on the relationship between supply 
chain entities, and also provides more communication 
opportunities. The supply chain entities will have more 
opportunities and challenges to be considered as a whole, 
therefore, how to use the opportunities and advantages to 
enhance competitiveness is an important aspect to be 
considered. By putting forward repeated double auction 
theory and initiative knowledge spillovers, this paper points 
out that the process of cooperation game between supply 
chain entities should pay more attention to the long-term 
interests, and make full advantages of initiative knowledge 
spillovers which can promote trust and create new 
cooperation opportunities, so as to adopt some certain 
strategies to consolidate the supply chain partnership.

Keywords - Double auction theory, initiative knowledge 
spillovers, service-oriented manufacturing, supply chain

I. INTRODUCTION

The fundamental question in the emerg ing field of 
strategic entrepreneurship is how firms combine 
entrepreneurial action that creates new opportunities with 
strategic action that generates competit ive advantage [1].

competitive advantage, along with acquisitions and 
alliances, firms can access external knowledge via a less 
formal mechanis m: knowledge spillovers [2]. Moreover, 
modern growth theory tells us that knowledge spillovers 
are crucial for the growth of high-income economies [3].

Knowledge spillovers can actively promote the 
development of different countries and industries 
macroscopically [4] [5], and also encourage innovative 
activities microscopically [6]. In this paper, we research 
on knowledge spillovers in the point of view of the 
supply chain in the service-oriented manufacturing 
model. Collaborations between the supply chain entities 
encourage innovative activities through leverage effect 
instead of delivering informat ion alone, so as to enhance 
sustainable competitive advantage of the supply chain [7].
The knowledge can be mutually complementary between 
the supply chain entities, which is the key factor to 
influence knowledge innovation in the supply chain [8].

knowledge spillovers, help reduce the knowledge gap 
between supply chain entities, and also provide 
guarantee for knowledge innovation and collaborative 
innovation in the supply chain [9].

II. CORRELATION THEORY

A. Service-oriented manufacturing 
As early as 1966, the United States economist 

Greenfield  proposed the concept of Producer Services  
firstly. And then the concept of New Manufacturing was 
brought up by Duckers  (1990) and perfected by Quinn 
(1996), which  has been widely  used [10]. The rising of the 
concept of service enhancement was proposed by Berger 
and Pappas in the late 1990s, who believed this kind of 
manufacturing is a foundation for knowledge creation [11] 

[12]. Yuan Qiong He and Kin Keung Lai (2012) 
constructed a conceptual model for service -oriented 
manufacturing and believed that the integration of 
business in the supply chain can affect the products
services. With the researching on service-oriented 
manufacturing and service enhancement, the concept of 
service-oriented manufacturing is gradually converging, 
which is based on manufacturing for services and also 
services for manufacturing. 

Chinese scholars Sun Lin-yan and Li Gang pointed 
out the specific concept of service -oriented 
manufacturing which included three aspects: producer 
services, production of services and customer 
participation in the whole process, and the concept has 
been widely recognized in China. 

1) Producer Services. Theoretically, it refers to the 
middle market investment services, which  is not the final 
services for consumers but can be used for further 
production of goods and services  [13]. 

2) Production of Serv ices. It provides part of or all 
of their manufacturing services for other firms, and the 
cost of production is reduced by optimizing certain 
positions to improve production efficiency, thus 
strengthens the market strain capacity. 

3) Customer Part icipation  in  the whole process. 
Productive services and service production of services 
only solve the problem of how to make the product to a 
certain extent, and how to rely  on existing products 
services. But customer participation in  the whole process 

and potential demands in easier way, and also change 
passive accepting feedback to offer products and services 
initiat ively. Customers here includes the final consumers, 
the middle suppliers, distributors and the final users, etc., 
so customer part icipation in the whole process is an 
important feature of the service-oriented manufacturing. 

The service-oriented manufacturing conceptual 
model [14] is shown in Fig.1 below: 
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Fig.1. The service-oriented manufacturing conceptual model

B. Knowledge spillovers 
In nowadays fast-growing information era, 

knowledge spillover phenomenon is widespread. During 
the process of communication and the application of 
knowledge, even if the individuals are not in itiat ive to 

access to part of the knowledge to a certain way 
objectively [15].

According to the classificat ion of knowledge 
spillovers by Verspagen [16], in this paper, knowledge 
spillovers are pure knowledge spillovers, which main ly 
refers to the individual knowledge itself which is 
imitated by other firms and embezzlement, and this kind 
of phenomenon is often caused by some objective 
reasons. This kind of knowledge spillovers is often 
inevitable to firms, even if they don't expect this to 
happen. Mansfield's investigation showed that in the 
sample, 60% of the patents and technological 
innovations have been copied in four years  [17]. The 
characteristics of knowledge spillovers are inherent in 
knowledge. From the point of v iew of social 
development, the knowledge spillovers promote the 
social progress and development. Otherwise, from the 
point of view of knowledge owner, of course, the 
knowledge spillovers often represent the loss of interests, 
especially to that had been devoted much time and 
money to gain. Knowledge spillovers  for a firm may 
cause the loss of its competitive advantage as it was. 

C. Knowledge spillovers in the supply chain 
In the service-oriented manufacturing mode, the 

supply chain entities tie together through a variety of 
contractual obligation or equities to be risk-sharing and 
have complementary advantages as a whole. The core 
aim of building service-oriented manufacturing supply 
chain is the customer demands that orient the knowledge 
spillovers and the creation of knowledge actively [18]. It 
not only considers the absorption capacity of the member 
firms, but also the knowledge spillover effect. 

The supply chain entities need to choose the 
appropriate cooperation strategy from different ways, so 
as to seek innovative ways quickly [19]. Initiat ive 
knowledge spillovers in the supply chain entities need 
cooperation between each other, under the 
service-oriented manufacturing mode which includes 

customer part icipation in the whole p rocess. The supply 
chain entities need more close communication and 
cooperation to meet  customer demands. However, for 
member enterprises of the supply chain themselves, the 
relationships among them establish under a certain 
contract, so there is often no sharing knowledge freely. It 
is hard to avoid knowledge transferring in the s upply 
chain, including the parts not wanting others to get, 
because of the exist of the knowledge spillovers and 
knowledge exposes paradox phenomena. So there is a 
kind of game play process in the supply chain, which 
means the choice of strategies will be related to their 
collaborating objects.

III. METHODOLOGY

A. Double auction theory for strategy choice 
Double auction model is used to discuss decisions 

in the situation of information asymmetry o r incomplete 
informat ion. In  the supply chain, if M is the owner of the 
knowledge and N is a partner who is wanted, M hopes to 
make profit through the cooperation with N. N knows the 

evaluated to be bV . M knows the acquisition cost of the 
sV .

Defined the actual value ranges from 0 to 1, which 
means b , [0 1]sV V . The ru le is: they bid at the same 
time, the bid price from N is bP  and is sP  from M. If 

bsP P , they will have a deal at the price of 
b / 2sP P P  (The utility is bV P  to N and 

sP V  to M); if b sP P , they will not choose 
cooperation(The utility is Zero to both). N evaluates the 
price of the knowledge from the cost of knowledge 
acquisition and competitive advantage, while M 
evaluates from the effect of initiat ive knowledge 
spillovers [20]. 

Assuming that M and N are both rational, and 
pursue benefit maximization.

To N, for any [0,1]bV , b ( )bP V must satisfy 

b

b b
b

[ ( ) / ( )]max[ ] ( )
2

s s s s
b s sP

P E P V P P VV P P P V
(1)

b[ ( ) / ( )]s s s sE P V P P V is the price N expects 
M to bid when N can offer more.

To M, for any [0,1]sV , ( )s sP V must satisfy 

s

s b
b

[ ( ) / ( ) ]max[ ] ( )
2

b b b s
s b sP

P E P V P V P V P P V P
(2)

b[ ( ) / ( ) ]b b b sE P V P V P is the price M expects N to bid 
when N can offer more. 

Assuming that the strategies form M and N are both 
linear. To N, the linear price strategy is 

b ( )b b b bP V a c V . To M, the linear price strategy is 
s ( )s s s sP V a c V . 

According to formulas (1) and (2), we can get 
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formulas (3) and (4). 

b

b b
b

1max[ ( )]
2 2

s s
bP

s

a P P aV P
c     (3)

s
s

1max[ ( ) ]
2 2

s b b b b s
sP

b

P a c a c PP V
c (4)

So the equilibrium strategy of the Bayesian linear 

game for N is b
1 2( )

12 3b bP V V
. 

The equilibrium strategy of the Bayesian linear 

game for M is s
1 2( )
4 3s sP V V

. 
M and N play  game around the value o f the 

knowledge. The price will be accepted only if 

b s( ) ( )b sP V P V , so we can get
1
4b sV V

.
According to Fig.2, we need b sV V , the 

cooperation can be completed with benefit maximizat ion 

only when 
1
4b sV V

, so the scope of transactions will be 
less (without the shaded area), and the cooperation 
probability is only 56.25%, which means they may not 
reach benefit  maximizat ion through playing this game. 
So they need certain motivations to complete the 
cooperation.

Vb

Vs

Vb= Vs+1/4

Scope of the 
transactions

Fig.2. Scope of the transactions of the linear game for cooperation

B. Signaling effect of the motivations 
We already know that the supply chain entities need 

certain motivations to maintain longtime corporations 

the compositions of the input are knowledge, capital, 
human resources and other resources. M would  be the 

will response to the activity of M, which means N will 
cooperate if M chooses initiative knowledge spillovers. 
To M, the degree of initiat ive knowledge spillovers is 
random variab le e(0<e<1). Because M is rational with 

to be 1, the stronger cooperation intention M has. 
When the degree of init iative knowledge spillovers 

tends to 1 infinitely, assumed the profit of the 
cooperation is G and the proportion is S to M. So the 
profit of M is SG, and the profit of N is (1-S)G to reach 
benefit maximization. We know M only spill a part of 
the knowledge, in fact the profit of the cooperation will 

 profit 
- 

benefit maximization. And we can get the equation 

of incomplete informat ion, and to M the probability of 
initiat ive knowledge spillovers is P. If N choose the 
cooperation need to meet the following condition: 

'[(1 )G] (1 )[(1 )G ]P S P S I . So
     G /[ (1 ) (1 )(1 )I P S P S e    (5)

When ])1)(1()1(/[ eSPSPIy , we can get the 
equation (6).

)1()1(
)1(

)1)(1()1(
)1)(1(

22 SePP
PI

eSPSP
SPI

e
y

(6)
We can know that / 0y e , so y will decrease 

with the increase of e. In the meantime G>y, which 
means the requirement of N for cooperation profit value 
G gradually reduces along with the increase of the 
initiat ive. So N will choose cooperation with the 
awareness of the increase of the degree of initiat ive 
knowledge spillovers, and the requirement will also 
reduce. And the sincerity of cooperation is more 
important to N. In  the service-oriented manufacturing 
mode, the supply chain entities need to cooperate as a 
whole in  many activ ities, we can know from the analysis 
that in the case of lower expected returns, the 
cooperation also can be completed by showing the 
willingness of cooperation and the winning of trust 
initiatively.  

C. Reputation effect of multiple batch initiative 
knowledge spillovers 

We already know positive init iative spillover 
strategy will make a contribution to establishing a 
long-term relationship of cooperation. For the long-term 
relationship of cooperation of the supply chain entities in 
the service-oriented manufacturing mode, if it  works 
well, the reputation will be h igher. The firm and the staff 
on the basis of benefit maximization give up some 
interests to continue the cooperation and to achieve the 
effect of the long-term interest maximization. The supply 
ch
maximally in a long-term partnership, the initiat ive 
knowledge spillovers must be multip le batches instead of 
only once. 

strong cooperation intention, and N will response to the 
activity of M. In the paper, reputation is defined as 
biological neurons. According to the threshold of cell 
body, reputation receives a degree of ascension with high 
returns, and reputation measures through cell weight. We 
define that the reputation is g and g g g . Setting 
up the simulation function g : 

0 '
1 exp[ ( ')] '
1 exp[ ( ')]

r r a
g r r r r a

r r        (7)

average rate of return, a is the threshold. So the repeat 
bilateral auction game model is blow here. 
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rb max
1 2( )

12 3b b bP V V g P
        (8)

rs max
1 2( )
4 3s s sP V V g P

    (9)

maxP  is the maximum profit o f cooperation,  is 
constant and (0,1] . 

M and N all choose a long-term cooperation and 
multip le - batch in itiat ive knowledge spillovers, the 
profit of each batch of initiative knowledge spillover is 
a . Through the process of cooperation relationship, M 
and N are likely  to cooperate the next t ime, and the 
probability is ( 0 1 ). After this time, the 
probability will be 

2
, and the times of cooperation are 

t. The total profit of M will be 
2 3 t 1 t(1 ) /(1 )a a a a a aa t 1t 1t 1a

                                        (10) 
If M choose the initiative knowledge spillover only 

once, the profit is 'a . 
When 

t(1 ) /(1 ) 'a a (
2 3 t 11 '/a at 1tt 1

), 
M will not choose this strategy.  

Assuming that the total amount of knowledge that 
M choose to spill is all the same and the spillover t imes 
are n. The total profit of M will be  

nt
2 3 nt 1 (1 )

n n n n n n(1- )
a a a a a a

n
nta ntna nnt

(11)
The profit  of one t ime spillover is 

' / na . So we 
can get: 

2 3 t 11 '/a at 1tt 1
(12) 

2 3 nt 11 '/a ant 1nnt 1
(13) 

Because of t>1( nt-1>t-1), we will find out that 
the value space of is bigger. 

So we know, when the total amount of knowledge 
that M choose to spill is all the same, the more t imes M 
spills the knowledge, the more p rofit  M will get. So the 
multip le batch in itiative knowledge spillovers is more 
competitive and good for the relat ionship of cooperation, 
and the probability of another time cooperation will be 
higher after several times of cooperation and the trust 
will also be more. 

IV. RESULTS

From the above analysis, we can see that if the 
supply chain member companies only concerned with the 
immediate benefits during the process of the game, 

pply chain to 
establish a long-term partnership opportunities. In the 
course of the game, when the members companies use 
the init iative knowledge spillovers in internal supply 
chain as a trusted investment, it often establishes a good 
relationship in the supply chain, so as to consolidate 
cooperation. When member companies take more 
attention to the long-term interests and the long-term 

cooperative relationships during the game, the being 
sought collaborator N will give a slightly higher b id 
based on reputation, and be more likely to pay more. In 
the meanwhile, the one M who owns the knowledge will 
give a slightly lower b id just like accepting less. So  we 
can improve the success rate and achieve win-win 
results. 

For example, if M who owns the knowledge 
estimates the knowledge price as  0.7bV , bid for 

b 0.4P . Being-sought-collaborator N estimates the 
price as 0.3sV , bid for s 0.5P . Based on double 
auction game model, cooperation will be unable to be on 
its way. However, in  repeated game model, as both sides 
focus on long-term interests and reputation, so they will 
give up some interests so as to make the cooperation 
successful. So the reputation 0.3b sg g , 0.1 ,
according to the formulas (8) and (9), it can be calculated 
that rb 0.55P rs 0.35P , so the cooperation is 
successful and each side gains. However, because the 

long-term repeated game to maximize the long-term 
interests. So it will let the other one get cooperation 
confidence if the member companies have a good 
reputation. In the meanwhile, how to build a good 
reputation is the key that the companies need to consider 
carefully. In the whole supply chain, member companies 
have more cooperation opportunities. It will establish a 
more solid relat ionship if the member companies use the 
cooperation knowledge spillovers better. 

According to the formula (12) and (13), we can 
 interval 

necessarily satisfies the inequality (9). But on the other 

 interval values in the larger space. This situation 
indicates that, after a number of cooperation between M 
and N, because the strengthening of trust between the 
two sides, the range of  interval has been further 
extended. In the other words, in the past, it  will promote 
bilateral cooperation only  when the cooperation 
possibility number >0.7 . But now, after the 
establishment of a long working relationship, the 
cooperation may be smooth only when the cooperation 
possibility number >0.4 . 

In other words, the knowledge owner M, through 
active, constantly, repeatedly showed willingness to 
cooperate, make the collaborators N to strengthen 
confidence in the success of cooperation. So they are 
very likely to choose to cooperate even so the probability 
of successful cooperation is not high. At the same time 
there will establish a good reputation and mutual trust 
relationship between M and N with the increasing 
frequency of cooperation. Thus, in the process of the 
game, two  sides are willing to pay more attention to 
long-term benefits so as to establish a long-term 
cooperative relationship. 
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V. CONCLUSION

In summary, in the supply chain in service-oriented 
manufacturing  model of customer part icipation, the 
partnership between member companies is long-term. 
Through the member companies change the passive 
knowledge spillovers into init iative knowledge spillovers, 
so to take full advantage of cooperation signal that 
initiat ive knowledge spillovers can promote supply chain 
entities involvement in the overall cooperation, gain  trus t, 
and expand cooperation to achieve long-term and 
maximized interests. Therefore, the supply chain entities 
can take the following measures to solid basis for 
cooperation. 

1) Change the passive knowledge spillovers to 
initiat ive ones. Initiative spillovers emphasize the 
enthusiasm and initiat ion. Initiat ive side can  show its 
willingness by additional investment in human resource, 
financial and other aspects. And it can also accelerate the 
investment time to show faith of cooperation, thus to 
contribute to cooperate and it is likely to get more 
investment opportunities for each other. 

2) Choose multip le-batch init iative knowledge 
spillovers and spill the knowledge is bound to spill more. 
As a member of the supply chain, the internal member 
companies need to establish a more solid and trustful 
relationship, therefore they need to take init iative attitude 
for cooperation. It can provide some knowledge to 
member companies initiat ively, letting the other one be 

s
strength characteristics, so as to establish a long-term 
relationship through a certain spillover strategy. 

3) Use the full part icipation of customers to close 
the relationship between the members. The supply chain 
is a whole body, and its establishment often leads to solid 
cooperation, thereby reducing the cost to a certain extent 
and having rapid response. In the service-oriented 
manufacturing model, the full part icipation of customers 
not only provides customer knowledge to the whole 
supply chain, but also creates communication and 
coordination opportunities for the firms. Firms should 
make full use of the partnership and cooperate with 
others more act ively, which will contribute to the 
establishment of a more reliable partnership. 
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Abstract - The relationship between the government and 
the enterprises determines the freedom and vitality of a 
country's economic development to a certain extent. Under 
the market conditions, the internal logic relationship exists 
between the government and enterprise, in view of the 
contradiction between the government want to maximize 
efficiency and the enterprises in pursuit of profit 
maximization, this article discuss the relationship between 
the government and enterprises from the perspective of 
game theory, build a three stage dynamic game model, and 
mainly analyzes the game result between the government 
and enterprises, get the best strategy choice of government 
and enterprises. 

Keywords Dynamic game, government and enterprises, 
strategy choice 

I. INTRODUCTION 

Under the wave of economic g lobalizat ion, our 
country's economy has made remarkable ach ievements, 
but there are still some problems in the enterprise 
development in our country, especially after China's 
accession to the WTO, the relat ionship between the 
government and enterprises will face greater challenges. 
Therefore, handle the relat ionship between the 
government and enterprises correctly is one of the 
important work in the future, it  is related directly to 
whether our enterprise can become the main market 
players, whether the socialist market economy system is 
perfect, whether the economy can achieve sustainable 
development, etc. In the operation of the economy, the 
internal logic relationship exists between the government 
and enterprise, in view of the contradiction between the 
government want to maximize efficiency and the 
enterprises in pursuit of profit maximization, th is article 
introduced the point of game theory, d iscuss the 
relationship between the government and enterprises, 
build a three stage dynamic game model, and main ly 
analyzes the game result between the government and 
enterprises, get the best strategy choice of government 
and enterprises. 

II. GAME FEATURE ANALYSIS OF THE 
RELATIONSHIP BETWEEN THE GOVERNMENT 

AND ENTERPRISES 
In the game of government and enterprises, as the 

game p layers, they respectively represent the policy 
makers and policy implementation object. To achieve its 
maximum benefits of the whole society, the government 

has formulated corresponding macro and micro economic 
policies and measures that influence the development of 
enterprises. In the process of game, the enterprise can 
observe the behavior of the government through various 
means, to obtain relevant information, and then select 
strategy. The characteristics of game performance are as 
follows [1]: 

1) The selection of payment function 
The government's target of related policy is usually in 

pursuit of social benefits maximization, and the 
enterprise's behavior is want their own profit to 
maximization.  

2) Select action space 
As policy makers, government regulation of macro 

and micro  economic use of fiscal, monetary, tax and other 
policies to encourage or inhibit the development of 
enterprise, and impact on enterprises to implement. The 
enterprises will choose the most favorable game strategies, 
through the positive or negative waiting to deal with the 
government's strategy, and finally  achieve the balance of 
both government and business.  

3) Analysis of the strategic effect 
When government and enterprises select strategy, 

they need to advance game effect predict ion and 
assessment, equivalent to the game players need to 
rational choice and decision [2]. The government in 
formulat ing relevant policy, select the corresponding 
policy tools, take the social and public reaction into 
account. And companies will adjusting the strategy in 
order tomaximize their own efficiency. 

4) Adjustment and coordination of strategy 
The game process of the relationship between 

government and enterprise is essentially a dynamic game 
process, the process of strategic adjustment and 
coordination is equivalent to the strategy choice process 
of the government and the enterprises to carry out mutual 
echo and interaction. 

III. ASSUMPTIONS AND ESTABLISHMENT OF 
DYNAMIC GAME MODEL OF THE RELATIONSHIP 

BETWEEN GOVERNMENT AND ENTERPRISES 

A. Model assumption 

1) Assume that model is complete information and 
dynamic game. Part icipants only enterprise E and 
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government G, both sides are rational: the enterprises in 
pursuit of profit maximizat ion; The government want to 
maximize efficiency [3].

2) The type of enterprise development project space 
is {have prospects for development, no prospects for 
development}, and the probability of have prospects for 
development is P, the other probability is 1 - P.

3) The action space of enterprise is {positive, 
negative}, the probability of positive and negative is N 
and 1 - N. The action space of government is {encourage 
development, inhib it development}, the project which 
prospects for development, the probability of the 
government encourages the development is M1, the 
probability of the government inhibit  the development is 
1-M1; No prospects for development projects, the 
probability of the government encourages the 
development is M2, the probability of the government 
inhibit the development is 1 - M2. 

4) There is no moral hazard between  the two 
enterprises.  

B. The establishment of dynamic game model of the 
relationship between government and enterprise 

Assuming that enterprise and the government's game 
is three stage dynamic game model, the extended as 
shown in Fig.1. The data in parentheses are the payoff 
function of government and enterprises  [4]. 

enterprise 

government government

enterprise enterprise enterprise enterprise 

encourage 
development

encourage 
development

positive

inhibit 
development

1

1

(0)
(1)

GR
ER

1

2

(0)
(1)

GL
ER

2

2

(0)
(1)

GL
EL

1

1

(0) '
(1) '

GR
ER

2

1

(0) '
(1) '

GR
EL

2

2

(0) '
(1) '

GL
EL

negative

2

1

(0)
(1)

GR
EL

1

2

(0) '
(1) '

GL
ER

inhibit 
development

have prospects for 
development

no prospects for 
development

positive positive positivenegative negative negative

Fig.1. The dynamic game model of the relationship between government 
and enterprise

In the game, the enterprise first action, the enterprise 
has two selection strategies in the first stage of the game: 
develop promising projects or no prospects for 
development projects.  

In the second stage of the game, the government has 
two strategies: encourage project development or inhib it 
the project development.  

In the third stage of the game, the enterprise 
according to the government's strategy can choose the 
corresponding action. For promising pro jects, when 
enterprises actively strive fo r development the pro ject, if 
the government to encourage attitude, the payoff function 
is

1 1( (0), (1))GR ER , if the government to restrain attitude, 
the payoff function is  

1 2( (0), (1))GL ER ; when enterprises 
negatively strive for development the project, if the 
government to encourage attitude, the payoff function is 

2 1( (0), (1))GR EL , if the government to restrain attitude, 
the payoff function is  2 2( (0), (1))GL EL . For the pro jects 
which no prospects for development, when enterprises 
actively strive for development  the project, if the 
government to encourage attitude, the payoff function is 

1 1( (0) ', (1) ')GR ER , if the government to  restrain attitude, 
the payoff function is  1 2( (0) ', (1) ')GL ER ; when enterprises 
negatively strive for development the project, if the 
government to encourage attitude, the payoff function is 

2 1( (0) ', (1) ')GR EL , if the government to restrain attitude, 
the payoff function is 2 2( (0) ', (1) ')GL EL  [5]. 

In the process of the game, there are two strategies for 
the government, four strategies for the enterprise, specific 
meaning as shown in Table I. 

TABLE I 
GAME STRATEGY SELECTION AND MEANING 

The Strategy of the 
Enterprise

Meaning

(positive, positive)
The government choose the positive to 

encourage development
The government choose the positive to 

restrain development

(positive, negative)
The government choose the positive to 

encourage development
The government choose the negative to 

restrain development

(negative, positive)
The government choose the negative to 

encourage development
The government choose the negative to 

restrain development

(negative, negative)
The government choose the negative to 

encourage development
The government choose the negative to 

restrain development

Therefore, aiming at the prospects of the development 
project, we can set up corresponding strategic description 
of extended game respectively, as shown in  Fig.2 and 
Fig.3.
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(positive , positive)

encourage 
development

 restrain 
development

enterprise

government

(positive , negative) (negative ,positive) (negative, negative)

1 1(0), (1)GR ER 1 1(0), (1)GR ER 2 1(0), (1)GR EL 2 1(0), (1)GR EL

1 2(0), (1)GL ER 1 2(0), (1)GL ER2 2(0), (1)GL EL 2 2(0), (1)GL EL

Fig.2. Extended game payoff matrix of the promising projects 

(positive , positive)

encourage 
development

 restrain 
development

government

(positive , negative) (negative ,positive) (negative, negative)

1 1(0)', (1)'GR ER 1 1(0)', (1)'GR ER 2 1(0)', (1)'GR EL 2 1(0)', (1)'GR EL

1 2(0)', (1)'GL ER 1 2(0)', (1)'GL ER2 2(0)', (1)'GL EL 2 2(0)', (1)'GL EL

Fig.3. Extended game payoff matrix of no prospects for development projects 

IV. ANALYSIS OF THE RESULTS FOR DYNAMIC 
GAME RELATIONSHIP BETWEEN GOVERNMENT 

AND ENTERPRISES 

A. The best strategy for the government

 In general, the government mostly support for the 
projects with prospects for development, however, the 
government tend to inhibit those without prospects for 
development [6]. Therefore, in this game model, the best 
strategy of government is: M1 = 1, M2 = 0. 

B. The best strategy for the enterprise 

Based on the model analysis, we can know that when 
the N=0, the payoff function of the enterprise is  [7-8]:   

2 1 2(1) ' [ (1) (1) ']EL EL EL P
When the N=1, the payoff function of the enterprise is:  

2 1 2(1) ' [ (1) (1) ']ER ER ER P
When 

2 1 2 2 1 2(1) ' [ (1) (1) '] (1) ' [ (1) (1) ']EL EL EL P ER ER ER P , 
that: 
1) When 

2 2 1 2 1 2[ (1) ' (1) ']/[ (1) (1) ' (1) (1) ']P EL ER ER EL EL ER
the N=0, so no matter the prospect of development project, 
the best strategy of the enterprise is negative, the payoff 
function is 2 1 2(1) ' [ (1) (1) ']EL EL EL P
2) When 

2 2 1 2 1 2[ (1) ' (1) ']/[ (1) (1) ' (1) (1) ']P EL ER ER EL EL ER
the N=[0,1], so no matter the prospect of development 
project, the enterprise choose strategy is positive or 
negative, their payoff function are the same [9]. 
3) When 

2 2 1 2 1 2[ (1) ' (1) ']/[ (1) (1) ' (1) (1) ']P EL ER ER EL EL ER
the N=1, so no matter the prospect of development project, 
the best strategy of the enterprise is positive, the payoff 
function is 2 1 2(1) ' [ (1) (1) ']ER ER ER P   

C. Nash equilibrium 

The game there are three groups of refined bayesian 
Nash equilibrium, as follows:

 N=0, M1=1, M2=0, so 
0P P

 N=1, M1=1, M2=0, so 
0P P

 N=[0,1], M1=1, M2=0, so 
0P P

0 2 2 1 2 1 2[ (1) ' (1) ']/[ (1) (1) ' (1) (1) ']P EL ER ER EL EL ER

D. Equilibrium analysis of the general solution to the 
game model   

1) As a rational economic man, when the probability 
of enterprise development project belongs to the 
development prospect is greater than, the best strategy of 
enterprise is positive, which make full use of the state's 
preferential policies and measures, promote the 
development of social economy and promote the 
enterprise benefit maximization, ensure that both sides of 
the payoff function for [10-11];

2) When the probability of enterprise developing 
project belongs to the no development prospect is less 
than, government will often choose inhibited attitude, the 
best strategy for the enterprise is to fight negatively 
against the policies and measures which inhibite the 
development of p roject formulated by government. In this 
case, government will obtain the minimum payment 
utility, while enterprises will obtain higher payment utility.  

3) When the developing project belongs to neither the 
type with prospects for development nor the type with no 
prospects for development, the positive or negative policy 
measures that formulated by the government have little 
impact on it, so the best strategy for the enterprises is to 
choose between positive utilizat ion and negative 
resistance.  
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V. CONCLUSION 

In the game of the government and enterprises in our 
country, the government has always been in the active 
position, in addition, policies the government formulates 
often have an enormous effect on the development of 
enterprises. Therefore, in  practice, when fomulate the 
measures that affect the economic development of the 
enterprise, the government has to be very careful. For the 
type with prospects for development, the government 
should provide preferential policy and technical support to 
encourage the development of the enterprise, for the type 
with no prospects for development, the government can 
limit , constrict, and raise taxes to inhibit the development 
of the enterprise. Also, enterprises should cope with the 
government's relative policies with awareness and 
coordination, stick to the flexibility of strategy, improve 
their countermeasures in time, and actively  strive to make 

development in a reasonable scope, so as to make 
harmonious development between the government and 
enterprises. 
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Abstract - According to the demand of the navigation 
system of China telecom to realize high precision time 
synchronization between adjacent base stations, we come up 
with the method of long distance time transfer using GPS 
common view. The hardware design and software design of 
this system are introduced in detail. In this paper, we use the 
powerful multi-channel Resolution T receiver and the 
TDC-GP1 counter chip to form a set of GPS common view 
comparison system based on ARM platform. Preliminary 
results of the test show that the system has stable 
performance and the alignment accuracy is within 5 ns. 
Therefore, this system we design can realize high precision 
time synchronization between adjacent base stations. 

Keywords - GPS Common view technology, high 
precision time, synchronization, telecommunication base 
station

I. INTRODUCTION

In recent years, with the rapid development of 
mobile communication technology, the communication 
system is increasingly demanding for time 
synchronization especially the mature 3G technology and 
the widespread 4G technology [1], which requests higher 
precision of the time controlling in switching work 
between base stations. In terms of time transfer accuracy, 
satellite two-way method has the highest precision about 
nanosecond or sub-nanosecond level [2]. However, it 
takes up the satellite resources higher, and the equipment 
is complex and expensive, which restrict its use range to a 
great extent [3]. GPS common view time transfer 
technology has some advantages such as simple, cheap, 
timing of h igh precision, convenient use [4], etc. And it  is 
the optimal method of long-distance clock comparison for
its ratio of the transmission accuracy can reach a few 
nanoseconds [5].

Any deviation of time synchronization between 
telecommunication base stations will bring incalculab le 
impact on users [6]. Therefore, all base stations must have 
a higher accuracy of time synchronization [7]. China 
telecom takes advantage of the existing communication 
base stations nationwide coverage, sets up high precision 
time synchronization between telecommunication base 
stations, to bring about indoor navigation, outdoor 
navigation and time service integration [8]. Thus it will 
have a great impact on the national economic construction 
and people's livelihood [9].

In this paper, we put forward  a method of using the 

time interval measurement chip based on ARM platform 
instead of traditional t ime interval counter to achieve GPS 
common v iew technology. The alignment accuracy  is 
within 5 ns. The GPS common view technology we 
studied can satisfy the high precision of time 
synchronization between base stations to a great extent.

II. THE PRINCIPLE AND DESIGN SCHEME OF THE 
GPS COMMON VIEW TECHNOLOGY

Common view technology is to point to that in the 
perspective of a GPS satellite, two atomic clocks of any 
two places on earth can use the time signal from the same 
satellite at the same to do time frequency comparison. 
The two GPS time receivers from the A ground and the B
ground under the action of the same common view time 
schedule receive the same GPS satellite signal at the same 
time.

The output second pulses by the local atomic clock 
are sent to the receiver's built-in counter chip and in
comparison with output second pulses by GPS receivers, 
to get the time difference tAGPS and tBGPS between the 
local time and the tGPS respectively. The data of the B
ground is sent by GPRS module in the form of text 
messages to the A ground. Subtracting the two types, time 
difference between the two atomic clocks is available.

The system structure of GPS common view t ime 
transfer receiver is shown in Fig.1. It is main ly consist of 
the GPS antenna, Resolution T receiver, TDC-GP1 
counter chip, ARM platform (STM32) and rubid ium 
clock.

GPS receiver  counter chip rubidium clock

ARM read and process 
the data

GPS antenna

1PPS
1PPS

10MHz

Fig.1. The system structure of GPS common view time transfer receiver
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When the system works, the first is to obtain 
accurate coordinates of the antenna and keep the 
coordinates of the receiver constant. The GPS receiver 
units receive the command sent by ARM chip and return 
the corresponding information to ARM chip. ARM chip is 
mainly used for demodulation, processing, measuring the 
GPS satellite signal, and to obtain ephemeris, the 
observation data of pseudo-range and clock correction. 
Rubidium atomic clock PRS10 provides 10 MHZ signal 
with high stability and 1 PPS signal. 

In consideration of the cost of the device 
miniaturization and the technical costs, we use the time 
interval measurement chip TDC-GP1 (made by ACAM 
company of Germany) to realize the dig ital measurement 
of the time interval. TDC-GP1 counter chip is used to 
measure the difference between the output 1 PPS signal 
by the receiver and rubidium atomic clocks. The time 
difference between GPST and the specified star clock is 
obtained by reading the navigation message. And then the 
time difference between the local time and the specified 
star clock (REFGPS) is obtained. The above data is just 
the origin informat ion measured by counter chip. It needs 
fitting and correction by upper software to calculate the 
parameters in the standard data file . The working 
principle of the system is shown as Fig.2.

Fig.2. The figure of the system working principle
REFSV is the time d ifference between the local 

second pulse of the actual tracking midpoint and the 
tracking satellite. REFGPS is the time difference between 
the local clock of the actual tracking length midpoint and 
the GPS. REFSV and REFGPS are not only  the most 
important parameters in  GPS common v iew comparison, 
but also the reference data for common view comparison 
of a dual exchange file [10]. The calculat ion process of 
REFGPS is as following. 

    REFSV=tA-tGPS =(tA-tR)+(tR-tGPS)     (1)
TSV=af0+af1(t-tOC)+ af2 (t-tOC)2+ tr     (2)

    tr =F*e*(A)^(1/2)sin Ek         (3)
       REFGPS=REFSV+ TSV           (4)

tA is the local reference time. tGPS is the time of 
satellite. tR is the time of receiver. TSV is the clock 
correction. (tA-tR) is measurement of the counter. (tR-tGPS)
can be converted by the information of the receiver. tr is 

the periodic relat ivistic correct ion. The parameters of af0,
af1, af2, tOC, e, A, Ek can be obtained by satellite 
broadcasting data [11]. F is the constant parameter. The 
data of the B ground sends data to the A ground by GPRS 
module. Subtracting the two  equations, the time 
difference is available. That is 

      tAB=REFGPS(A)-REFGPS(B)    (5)

III. MANAGEMENT AND THE DATA DESIGN OF 
THE PROCESSING SOFTWARE

The main job of developing time transfer receiver is 
the development of its data processing software. The 
function of the control part mainly includes the receivers' 
working mode, real-t ime data collection of satellite 
ephemeris and the time interval counter. The whole 
system running time keeps consistent with the 
international ru les of common v iew observation time. 
Fig.3 is the processing flow of common view comparison 
system. 

Start

Read the configuration

Open serial port , read command of receiver

Is the star tracking time?

Acquire data of 780s

Data fitting 
processing

Is finishing tracking 
time?

Read in standard file

Exit

Finish GPS command
 close serial port

finish

Conic fitting and linear 
fitting

N

Y

N

N

Y

Y

Fig.3. Software flow
Due to the influence of various measurement errors 

and measurement noises, the precision of common view 
system can't reflect the accuracy of atomic clock itself. 
Hence, to deal with the data can improve the alignment 
precision of GPS common view. The data processing 
software is to have the original data produced by GPS 
common view system necessarily processed and stored as 

Local second pulse tA

GPS second pulse tGPS

Measurement of time interval

Satellite clock correction TSV
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a standard file formats. Its main function is to do fitting 
calculation of the measurement and correction of all kinds 
of time delay, for example ionosphere delay correction, 
troposphere delay correction, relativistic correction, 
satellite clock correction and the SAGNAC effect 
correction, etc [12]. The fo llowing is the main process of 
the software.

1) The data processing software sends commands to 
the receiver accord ing to certain format, achieving the 
working mode of receiver, setting the output data and the 
signal type. The received data is encoded according to the 
fixed format, and the software can decode the data.

2) The data processing software can achieve real 
time data acquisition, including the measurement of 
counter chip, quantization erro r, ephemeris, and the 
observation data of pseudo-range and so on.

3) Because of the hardware limitation of the 
Resolution T receiver itself, there is a difference of about 
15ns between the given physical second pulses and the 
actual second pulses. The receiver can provide a 
compensation value to modify  this value, making the data 
smooth.

4) We put each t ime of 780s for tracking the satellite 
divided into 52 for 15 seconds, of the 15 number made 
quadratic least squares curve fitt ing. Then we take every 
midpoint numerical number of 15s and set numerical 
linear fitting of a total of 52 figures. The corresponding 
result of the fitting is the value of REFGPS for 389.5th 
seconds. The main purpose of the application of least 
square method is to make the variance of measurement 
results and the sum of squared residuals as a minimum.

5) The data processing software can complete 
correction of the GPS signal path delay. Mainly include 
the ionosphere, troposphere delay correction, periodic 
relativ istic correct ion, geometric distance correction and 
clock correction [13], etc.

IV. THE RESULT OF ZERO-BASE LINE COMMON 
VIEW COMPARISON

Experiment of zero base common view comparison 
was carried in National t ime service center. Two receiver 
antennas were set on the roof of the research building 
where is without any shelter around but may be limited by 
some small interference radio frequency devices. Two sets 
of equipment are adopted 1 PPS and 10 MHZ which is 
offered by the same rubid ium atomic clocks as a reference 
signal. The two sets of system are put in the same 
laboratory using the same software, also the same 
ionosphere and troposphere correction model. Equipment 
connection is shown in Fig.4.

GPS antenna GPS antenna

Time transfer receiver A Time transfer receiver B

10MHz 10MHz1PPS 1PPS

Data transmisson

Fig.4. Zero-base line common view comparison method
Zero-base line comparison approach is to point to 

put the two time transfer receivers in the position close 
enough and to orientate the coordinates of the two 
antennas precisely [14]. The two receivers use the same 
time and the same frequency signal as reference signal. 

Zero-base line common view comparison can 
eliminate the influence of ephemeris erro r, ionosphere 
delay error [15], troposphere delay error and the 
coordinate error of receiver antenna, primarily noises and 
the internal delay  change of receiver system. 
Consequently, zero-base line comparison results can be 
used to detect the stability of receivers' noises and inner 
delay.

In the condition of having no accurate orientation for 
the antennas' coordinate, we can acquire the zero-base 
line alignment accuracy by subtracting the parameters 
REFGPS of standard files outputting by the two receivers 
and fitting the data by the least square method in the same 
satellite, the same MJD and at the same start-tracking 
time. As shown in Fig.5 that the comparison result of the 
two devices in the MJD (56819-56820) has no evident 
systemic change, with the data' RMS is 3.8ns. Thus it can 
be seen that our equipment is equally matched the 
international advanced common view receiver so far.
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V. CONCLUSION

This paper introduces that we use the time interval 
measurement chip based on ARM platform instead of the 
traditional time interval counter in common view system, 
realizing device miniaturizat ion. The preliminary 
Zero-base line results show that alignment accuracy of 
GPS common view receiver is about 3.8ns, which can 
realize the high precision time synchronization between 
base stations. Because of not having the receiver 
orientated precisely, it may affect the alignment accuracy 
to a certain extent. Also it may have the effect of random 
error for not having the original data smoothing treatment. 
We need to do further research of the data processing
algorithms and to measure the coordinates of the antenna 
more precisely in  order to further improve the alignment 
accuracy of the common view system.  
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Abstract -This paper presents a new mathematical for 
random mixed-model two-sided assembly line balancing. To 
minimize the cycle time of random mixed-model two-sided 
assembly line with the given number of workstation, the 
random mixed-model two-sided assembly line balancing 
problem of type II is studied. The influence of random 
factors on assembly line was convertedinto process time 
influence in the paper. Combined with random changes in 
product demand of different product, the united 
comprehensive process time was worked outby the method 
of weighted average. According to the comprehensive 
process time, the processeswere rearrangedto different 
workstations in the paper. To minimize the cycle time which 
as the objectives of the mathematical programming model, 
with constraints of process priorities, operational 
orientation and others, the genetic algorithms is used to 
work out the mathematical model. An instance of 
mixed-model two-sided automobile assembly line was given, 
which was optimized by the algorithm for optimization and 
compared the results of optimization before and after. The 
results verify the effectiveness of the algorithm for solving 
mixed-model sided assembly line balancing problem. 

Keywords-Assembly line balancing,genetic 
algorithms,two-sided assembly line 

I.INTRODUCTION 

Assembly line is a sequence of several connected 
workstations convened in order to assemble different 
parts to final products[1-3]. The two-sided assembly 
line[4, 5] is a special type of assembly line in which tasks 
are assigned to workstations placed on both side of the 
assembly line. This type of assembly systems are used for 
manufacturing systems with large-sized products such as 
cars, buses, and trucks[6]. Mixed-model assembly lines [7, 
8] allow for the simultaneous assembly of a set of similar 
models of a product, which may be launched in the 
assembly line in any order and mix. Random assembly 
line is that each process time is an uncertain value in the 
entire assembly procedure, and usually can only be used 
to express in a randomly distribution function. In other 
words, the influence of random factors on all the 
assembly line can be converted to impact on the process 
time. Assembly line balancing problem aims to assign 
tasks to workstations in order to balance the workload of 
the workstations. This paper mainly researches on 
mixed-model two-sided assembly line balancing problem 
under the influence of random factors. 

II.THE ASSEMBLY LINE DESCRIPTION 

In random mixed-model two-sided assemble line, 
processes are usually arranged on the right-side or 
left-side assembly lines and the longer operation time 
which adding all processes time in a work position on 
each side determines the cycle time of this work position. 
And the longest operation time position among all work 
positions determines the cycle time of the whole 
assembly line. The two-sided assembly line problem of 
this paper has the following assumptions[9]: 
allinputparametersoftheproblemareknown; operation 
idle time on a workstation cannot turn to another 
workstation; one workstation can only complete one 
assembly task by the fixed operator. 

Inordertofacilitatetheexpression,itwillbelistedtherele
vantvariablesfollowing:tasksetPandP={1,2,…i};

meanstheiprocessandeachprocesscontainsthetimeanddir
ectionofthesetwoproperties;  means the task 
canbeassignedtotheleft-sidedor theright-sidedof 
theassemblylineandassemblyline, ;  means 
task is assignedtotheleft-sidedandright-side of 
theassemblyline respectively,

; arerespectivelythei-thaprocessofNproductsexp
ectedvalueandvariancetotheaverageoperationtimeandsetlo
cationjof ontheassignedtask;

isthetotaloperationtimeofjand ; taski'alltheform
ersequencesetoftask; aBooleanvariablewhichmeansst
ationj'available,if

;disoperatingposition,
,Listheleft,Ristheright,Eis that 

whethertheleftandrightsidesarefeasible;Sisrandomvariable
,itsvaluebelongstotherange(0,1); decisionvariable,w
hichmeanstaskiofnproductassignedworkstationserialnumb
er; meansthenumberofassignedtothepositionjandstatio
nw,operatingbearingtaskd;  is the proportion of 
product n in the total demands. 

III.MATHEMATICAL MODEL 

To minimize the cycle time with the given 
workstation number, the mathematical model is built 
which is based on the satisfaction of two-sided assembly 
line’s constraints [10]. 
(1)The process cannot be divided, and can only be 
assigned to a station. 
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OR

(2)Process priority relationship constraints 

iisj'stightprocess,ortheorderprocess. 
(3)Therelationshipbetweenthedemandsforeachtype 

(4)Anyproductofanylocationtimepluswaitingtimeislesstha
nthebeat 

Hypothesis
, isNkindsofproductprocessiassignedtoworkstatio

nK,duetoitsassociatedwithlocationinsidetheworkprocedur
e,thepreambleoftheprocessianditsoperationiscompletedtim
elaterthanprocessibegantoworktime,leadtoprocessbeforest
artingtheprocessineedtowaitforthetimeinit,i=1,2,…,I; 
n=1,2,…,N; k=1,2,…,K. 
(5)Averagecycletime 

isthefirstkstation'snkindsofproducts'averageproductionti
me 
(6)Theconstrainedbearing 

(7)Objectivefunction 
MinC(8) 

IV. THE DESIGN OF THE GENETIC ALGORITHM 

Fig.1. Precedence Relationship Chart of Example 

In order to facilitate the expression of entire genetic 
algorithm design process, this paper will combine an 
example to genetic algorithm [11, 12] design. The priority 
process relation diagram show in Fig.1. 

(1) Designcode 
The traditional gene expression matrix for 1*n, but 

different encode is used in the paper. The traditional 
chromosome is represented by only a row. In this paper, 
chromosome is can be explained as a matrix with a 2*n 
matrix, the process that matrix of the first line represents 
the work elements; The second line represents the 
corresponding process orientation constraints, and its 
value is 0 (the process of the actual distribution to the 
right) and 1 (the process of the actual distribution to the 
left). An example is shown in Fig.1: 

The assembly line process 
{1,5,16,6,8,1,0,18,19,20,21,17, 15} on the left side of the 
assembly line operation; The other assembly line process 
{2,3,4,11,9,7,12,13,14,22} on the right side of the 
assembly line operation, as shown in Fig.2. 

Fig.2. AChromosome of the Example

(2)Generatetheinitialpopulation 
The generation of initial population is generated 

randomly. Namely on the basis of the coding, coding of 
chromosome is not the same each time, so the combustion 
generated inside the body goes into a matrix, comprise 
the initial population, the size of the initial population can 
be set according to the needs of research[13]. 

(3)Decoding procedures 
In the paper, genetic algorithm is used to solve the 

model with mixed-model flow two-sided assembly line 
balancing problem, as the name implies , decoding is after 
coding, below the premise that in the previous step and 
coding, decoding of the initial population. 

Step1:According to the existing conditions calculate 
the beat. 

Among them, K is the number of workstations; 
T_sum is the sum of all process time; T_suml is on the 
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left side of the sum of all process time; T_sumris on the 
right side of the sum of all process time; t_ni is N kinds of 
products of the ith a process time; D_n the nth demand of 
products; P(2 , i) is orientation constraint; P(2 , i)=0  is 
the right; P(2 , i)=1 is the left. 

Step2:Conduct process distribution. Before 
distribution must determine its position, starting from the 
first position, one at a time distribution, working 
procedures are also follow the coding sequence. 
Distribution of each working procedure, we must 
calculate the station time, if the current detail process of 
time and the distribution of time, less than beat the lower 
limit, the distribution process can continue to this location. 
Otherwise, we need to open the next station. After 
opening location decide whether it is the last station, if so, 
the rest of the contractors that all processes are assigned 
to the station. 

Step3:Calculate Cycle Time. After the completion of 
all process distribution, calculate the current beat, beat = 
max (location). Compared to the current beat and lower 
limit, if the beat is greater than the lower limit, the beat 
on the lower limit should be according to certain step 
length. Return to step 2. 

Step4: Circulation. Loop Step2 and Step3 until beat 
is equal to the limit. Finish decoding. 

(4)Fitnessfunction 
Objective function is minimize the production 

rhythm for bilateral minimize beats the optimal 
chromosome as an assembly line, assigned to a 
workstation or so on both sides of the working hours is 
equal or close as far as possible, each step of process time 
if without a bigger difference, the best number is assigned 
to the two sides of the process as far as possible close. 

So the fitness function, as shown below: 

OR

Amongthem,Cisgetbeat;listhenumberofprocessesinth
eassignedtotheleft; r
isthenumberofprocessesinthedistributiontotheright.Weuse
formula13when ;when

,weuseformula14tocalculate. 

(5)Operatorselection 
The classic roulette wheel selection method is used 

in the paper. By calculating the fitness of each individual 
fitness value of the sum of the proportion size to 
determine its descendants will remain. Individual the 
bigger the fitness of the selected the greater the 
probability that the more likely, it is to be preserved, On 
the other hand thrown away. 

(6)Crossoveroperator 
The way of simple random cross crossover operation 

is adopted, and the specific steps are as follows: 

Step0:Read a pair of chromosomes from the initial 
population, P1 and P2, both matrix for 2 * i matrix, the 
first behavior process of real Numbers, the second 
behavior orientation constraint representation of a real 
number which i is the number of process. 

Step1:Generate a random number k between 1 and i, 
k - 1 gene P1 and P2 reserved before the information 
remains the same. 

Step2:k of P1 and P2 to the i a gene, the essence of 
the cross is after the P1' i - k + 1 gene in accordance with 
the order of the P2 to recode. In the same way, after the 
P2' I - k + 1 gene carried out in accordance with the order 
of P1 recode. 

Step3:Cross generation and P1 and P2 there are both 
similarities and differences between the two 
chromosomes of C1 and C2. 

Combining with the example, arbitrary generated P1 
and P2, random number k = 6, intersecting C1 and C2, 
before and after the cross the following as shown in Fig.3 
and Fig.4: 

Fig.3.CrossingParentsP1andP2 

Fig.4.ChildrenC1andC2 

(7)Mutationoperator 
The purpose of variation is to guarantee the diversity 

of population, makes each kind of solution can be 
produced, thus increasing the number of the feasible 
solution. In this paper, the variations of the specific steps 
are as follows: 

Step0:Read from the initial population inside 
burning body P1. 

Step1:Generate a random between 1 and i positive 
integer k. 

Step2:P1 before k - 1 gene will retain the original 
information. 

Step3:P1 of i - k + 1 after redistribution in the 
coding way get mutated chromosome C1. 

The variations of before and after mutate results are 
shown in Fig.5: 

Fig.5.ChromosomesThatBeforeandAfterMutain 

(8)EndCondition 
Programterminationconditionsforoperation,thebeatc

onvergence,ortoreachacertainnumberofiterations,thedeter
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The Capacity Preparation in the Two-period Supply Chain with
Remanufacturing Products and IOT
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Abstract - In this paper, we analyze the production 

capacity and production decision issues in remanufacturing
situations. A two-period model is introduced, in the first
period, manufacturers produce and sell new products by
using raw materials; in the second period, manufacturers
produce new products and remanufactured products
simultaneously by using used products recycled at the end of
the first period. Under the circumstances that whether the
demand for the second period products is greater than/less
than the amount of recovery products which can be used for
remanufacturing is uncertain, using capacity
preparation in the two periods to get the optimal decision
and the profit of manufacturers. By the way, we analyze the
impact of each parameter on optimal
decision variables. According to the optimal decision
variables and profits in different conditions, we make
parameter value simulation analysis.

Keywords - Capacity preparation, logistics and supply
chain management, production decision, remanufacturing

I. INTRODUCTION
Product recycling and remanufacturing issues have

become hot issues of closed-loop supply chain researches
in recent 10 years, among which some researchers
take capacity preparation factors into consideration. Ferre
and Swaminathan (2006, 2010) study two-period and
multi- period models with one OEM and one independent
remanufacturer, they investigate the effects of various
parameters on equilib rium prices, profits and
remanufacturing activities, analyze the process of
manufacturers manufacture new products in the first
period then not only manufacture new products but also 
produce remanufactured products simultaneously in the
second period, to study remanufacturers decision-making
problems when there exist differences between new
products and remanufactured products [1-2]. Cao et al.
(2010) set up a two-stage dynamic game model, using a
single cost function class to study the competition
between the manufacturers and remanufacturers when
they simultaneously enter a market with consumption
transferring [3]. Majumde and Groenevelt (2001) [4],
Ferguson and Toktay (2006) [5], Mitra and Webster (2007)
[6] set up two-period models to study manufacturer
remanufacturing activit ies too. Based on the above
research backgrounds and features of realistic
life cycle, we divide it into a two-period model: in the first
period, manufacturers just use new materials to
manufacture and sell new products, products are in their
initial sales and some products will ret ire for reach ing
their life cycle at the end of the first period; in the second
period, the quantities of EOL (End Of Life) products
available for recycling are the sales of the first period,
manufacturers separately use new materials and recycled

EOL products to produce new products and
remanufactured products and then get them onto the
market, the upper limit of remanufacturing capacity is the
amount of recyclable retired products in the first period,
i.e. sales.

Among them, studying remanufacturing activities in
consideration of capacity preparation has also been a
hotspot in recent years. Franke et al. (2006) consider the
remanufacturing capacity preparation issues in the mobile
phone industry; they introduce a linear programming
model to study issues of capacity preparation and
production method planning [7]. Georgiad is et al. (2006)
take the product life cycle and the recovery mode into
account, analyzing remanufacturing activit ies in capacity
shrink and expansion conditions; finally, they use system
dynamics method to analyze the capacity p lanning
problems [8]. Debo et al. (2006) take product life cycle and
capacity preparation into consideration and study the 
impacts of product diffusion rate on the capacity
requirements of new products and remanufactured
products, whose capacity preparation demand are
analyzed specifically [9]. Rubio S and Corominas (2008)
find by modeling that the capacity preparation in
manufacturing and remanufacturing activities can be
adjusted in a given demand environment [10]. Yun Liang et
al (2013) mainly study the optimal pricing strategy under
the premise that closed-loop supply chain are faced with
capacity constraints and limited recycling material and the
new products can replace remanufactured products, then
calculate and analyze the profit level of the supply chain
participants and the whole supply chain [11]. Li et al. (2012)
analyze a two-stage supply chain, in conditions that the
capacity is limit and the manufacturer is in a dominated
state, when the manufacturer s maximum production
capacity reach the threshold, the entire supply chain are
not affected by the capacity constraints; when the
manufacturer s maximum production capacity is smaller
than the threshold, the manufacturer raises the wholesale
price, the retailer reduces the order quantity and the
manufacturer profit, the expected profit and the
expected profit of entire supply chain all decrease [12].
Caner et al. (2013) set up a two-period model that
manufacturers produce new products in the first and
second period, products in the second period are
remanufactured based on waste products recycled at the
end of the first period, then further investigate the capacity
and production decisions on remanufacturing plans under
the assumption of product homogeneity [13].

We can see from related researches above that
capacity preparation issues of manufacturers are valuable
and are worthy of researching. Manufacturers need to
produce new products and remanufactured products
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simultaneously, while the two products will share labor
resources, production facilit ies, equipment and warehouse
space etc. How will manufacturers distribute the capacity
among new products and remanufactured products when
the demand and the supply are not matching? the
impact of capacity preparation size on
product quantity and profit? In v iew of these questions, a
two period model is introduced to analyze both
manufacturer new product production in the first period
and manufacturer remanufactured products production 
and new products production simultaneously in the second
period. Finally, we explore the optimal relevant decision
variables of the two periods.

II. PROBLEM DESCRIPTION AND SYMBOLS

A. Problem Description
This paper analyzes a manufacturer produce new

products (umbrella) and get them onto the market in the
first period according to its capacity preparation, the
length of this period corresponds to the working life of the
product(umbrella); at the end of the first period, some
parts (umbrella stand) of the product would be recycled;
wha more, in the second period, manufacturers continue
to produce new products and remanufactured products
simultaneously (using recycled umbrella stand and cloths
prepared by themselves to conduct remanufacturing
activities) according to demand.

To analyze and explain the model more clearly, some
assumptions are introduced before presenting the model.

(1) In the first period, manufacturers produce and sell
new products (umbrella) accord ing to their capacity
preparation, all capacity reserve are used for the
production of new products; in the second period,
manufacturers produce new products and remanufactured
products(umbrella) simultaneously by using waste
products (umbrella stand) recycled at the end of the first
period.

(2) Manufacturers make decisions under the premise
of completely knowing consumers demand,
manufacturers are completely rat ional and the goal of their
decisions is to maximize their own utilities or profits.

(3) Assuming that perception of using
new products and remanufactured products are
homogeneous.

(4) In order to make the manufacturing process of
new products and remanufacturing products have
economic sense, this article assumes that c cr m .

(5) In the first period, demand function
for new products is: 1 1 1 1D M a p

(6) In the second period, demand function
for new products and remanufactured products is

2 2 2 2D M a p

(7) The utility functions of the first period and the
second period are:

1 1 1 1 2( ) ( )n n Q nMax q p c c q      (1)

2 2 2 2 2 2 2( , , , ) ( ) ( )n r n r n Q n r Qr rMax q q Q Q p c c q p c c q (2)

B. Symbols
1M & 2M refer to the market size of the first period

and the second period respectively; a1 and a2 are price
sensitive coefficients, p1 and p2 are prices.

Qc is the cost for manufacturers to make capacity
preparation for producing new products and
remanufactured products. cQr is the cost for
remanufacturers to make capacity preparat ion for
producing remanufactured products (umbrella), such as
the cost for cloths prepared by remanufacturers,
c c cQ Qn Qr .

1q n is the quantity of recycled products (umbrella
stand) which can be used for remanufacturing.

1Q is the amount of capacity preparation for the first
period, Qn is the amount of capacity preparation (the
quantity of recycled products which is available for
remanufacturing) for the second period that be similar
with 1q n . rQ is the amount of capacity preparation (e.g.
cloths prepared by manufacturers themselves) matching
with 1q n .

nc is the unit cost of new products in the first and

second period, rc is the unit cost of remanufactured
products

Let (0,1] , it shows the proportion of the
recycled products suitable for remanufacturing i.e. is
the effective recovery rate.

is the discount factor of the second period.
is the ratio of the recycled part (i.e . umbrella

stand) can be used for remanufacturing.

III. MODEL FORMULATION

A. The equilibrium solution on condition that consumers’
demand for the second period products 2D is less than
the quantity of recycled products which can be used for
remanufacturing.

At this time, 2 1D q n . Due to an oversupply, as a
rational actor, the manufacturer would not produce new
products on account of remanufacturing cost advantage,
they would only remanufacture products; at this time,
customers demand 2 2q Dr , 02q n , the capacity
preparation needed for remanufacturing is Qr , i.e.

2Q Dr . Then, the optimal decisions in the
two periods are respectively obtained as follows:

( ) ( )1 1 1 1 2Max q p c c qn n Q n                   (3)

( , , , ) ( ) ( )2 2 2 2 2 2 2

2 2
2

2

Max q q Q Q p c c q p c c qn r n r n Q n r Qr r
M D

c c Dr Qra
(4)

The equilibrium solution is obtained as follows:
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( )1 1
1 2

M a c cn QQ q n                             (5)

02Q qn n                                   (6)

2 2Q q Dr r                                  (7)
2[ ( )]1 1 2 2

1 24 1 2

M a c c M Dn Q c c Dr Qra a
(8)

2 2
2 2

2

M D
c c Dr Qra

                           (9)

This condition is: 2 1D q n , i.e.
( )1 1

2 2

M a c cn QD .

B. The equilibrium solution on condition that consumers’
demand for the second period products 2D is equal to the
quantity of recycled products which can be used for
remanufacturing.

At this time, 2 1D q n On account that
remanufactured products produced by manufacturers in
the second period is exactly equal to the amount of
consumer demand, in order to maximize profits, the
manufacturer would rather remanufacture products than
produce new products.  At this time, demand

2 1D q n . i.e. 2 1q qr n , 02q n . Qr is the capacity
preparation required for manufacturer remanufacturing,

1Q qr n . Then, optimal decisions in the
two periods are respectively obtained as follows:

( ) ( )1 1 1 1 2Max q p c c qn n Q n                    
(10)

( , , , ) ( ) ( )2 2 2 2 2 2 2

2 1
1

2

Max q q Q Q p c c q p c c qn r n r n Q n r Qr r

M q n c c qr Qr na

(11)

The equilibrium solution is obtained as follows:
[ ( )] [ ( )]2 1 1 1 2 2

1 2 22( )2 1

a M a c c a M a c cn Q r Qr
Q q n a a

( 12)

02Q qn n                                (13)

2
2 2[ ( )] [ ( )]2 1 1 1 2 2
2 22( )2 1

Q qr r

a M a c c a M a c cn Q r Qr

a a

(14)

2
[ ( )] [ ( )]2 1 1 1 2 2

1 2 24 ( )1 2 2 1

a M a c c a M a c cn Q r Qr

a a a a
( 15)

2 2(2 )[ ( )] [ ( )]2 1 2 2 2 1 1
2 2 2 24 ( )2 2 1

2 2[ ( )] [ ( )]1 2 2 2 1 1

a a M a c c a M a c cr Qr n Q

a a a

a M a c c a M a c cr Qr n Q

(16)

The condition is: 2 1D q n , i.e.
2 2[ ( )] [ ( )]2 1 1 1 2 2

2 2 22( )2 1

a M a c c a M a c cn Q r QrD
a a

C. The equilibrium solution on condition that 2 1D q n

consumers’ demand for the second period products 2D is
greater than the quantity of recycled products which can

be used for remanufacturing
At this time, 2 1D q n . On account that

remanufactured products produced by manufacturers in
the second period is less than the amount of consumer
demand, in order to maximize profits, the manufacturer
will produce new products in the second period, at this
time, demand for remanufacturing products

2 1q qr n , demand for new products is q2n,

2 2 1q D qn n , capacity preparation required for
manufacturers to produce new products (umbrella stand)
is Qn , 2Q qn n . The capacity preparation needed for
new products and remanufactured products production by
using cloths or other materials is 1 2Q q qr n n . So the
optimal decision in the two periods is obtained as follows:

( ) ( )1 1 1 1 2Max q p c c qn n Q n                     (17)

( , , , )2 2 2

( ) ( )2 2 2 2

2 2 2 2( )2 1 1
2 2

Max q q Q Qn r n r

p c c q p c c qn Q n r Qr r

M D M D
c c D q c c qn nn Q r Qra a

(18)

The equilibrium solution is obtained as follows:
( ) ( )1 1 1

1 2

M a c c a c c c cn Q n Q r QrQ q n (19)
[ ( ) ( )]1 1 1

2 2 1 2 2

M a c c a c c c cn Q n Q r QrQ q D q Dn n n (20)

= =1 2 2Q q q Dr n n (21)
2[ ( ) ( )]1 1 1 2 2

1 24 1 2

M a c c a c c c c M Dn Q n Q r Qr D c cn Qa a
(22)

( )[ ( ) ( )]1 1 1 2 2
2 22 2

c c c c M a c c a c c c c M Dn Q r Qr n Q n Q r Qr D c cn Qa (23)

The condition is 2 1D q n i.e.
[ ( ) ( )]1 1 1

2 2

M a c c a c c c cn Q n Q r QrD

IV. EQUILIBRIUM SOLUTION ANALYSIS

The decrease of remanufacturing cost Cr in the
second period will lead to the increase of remanufacturing
products quantities. When 2 1D q n , owing to an
oversupply, the remanufacturing cost Cr affect
the products quantity and capacity preparation of the first
period. When 2 1D q n , in the case of short supply,
manufacturers will try to increase the capacity preparat ion
and product quantity of the first period by reducing
remanufacturing cost so that the amount of useful
recycling products in the second period will increase.

The increase of new products cost in the first period
cn will cause a decrease of the new products production

1q n and the production capacity 1Q and show a reverse
relationship with the quantity of the second period
remanufacturing products 2q r . Owing to the increase of
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manufacture cost cn , manufacturers choose to produce
fewer products, thus the first period capacity preparation

1Q will decrease fo llowed by 1q n , so the amount of

remanufactured products 2q r decline.
There is an inverse relat ionship between the unit cost

of capacity preparation cQ in the first period and the

amount of capacity preparation 1Q . Obviously, because

the capacity preparation 1Q is quite few, the new

products quantity of the first period 1q n will decrease
with the decreasing of cQ . The increase of

remanufacturing capacity preparation of the second period
cQr will cause the amount of remanufacturing products

2q r to decrease.
When 2 1D q n , the recovery rate almost have no

impact on the first period capacity preparation 1Q and
the quantity of new products. When 2 1D q n , owing to
the cost for remanufacturing is lower than manufacturing,
customers will prefer to buy remanufacturing products,
thus the demand for remanufacturing products 2q r will
increase progressively, so manufacturers will increase the
recovery rate of products in the first period, the
capacity preparation of the first period and the quantity of
new products.

1M , the market size of the first period, it is positively

correlated with its products quantity 1q n . The larger the
market capacity of the first period, the greater customer
demand for new products 1q n , thus the amount of
capacity preparation will increase progressively.

When 2 1D q n , the market size of the second

period 2M can make the total production of the second

period 2q r increase progressively.
TABLE I

THE OPTIMAL DECISIONS UNDER DIFFERENT 
CIRCUMSTANCES

2 1D q n 2 1D q n 2 1D q n

1Q 23 26 24

1q n 23 26 24

2q n 0 0 142D

2q r
32D 14 14

Qn 0 0 142D

Qr
32D 14 2D

1
1700 (89 4 )2 23 D D 2150 1984 (85 4 )2 23D D

2
1 (89 4 )2 23D D 759 124 (85 4 )2 23D D

We can see from Table I that when 2 1D q n , both
decision variab les in the two periods and

its optimal profits are the min imum. So in this case, there
is an oversupply of remanufacturing products in the
second period, owing to remanufacturing cost advantages,
manufacturers would remanufacture products at this time
rather than manufacture new products, and customers will
choose to buy some remanufactured products. Accordingly,

capacity preparation in the first period
be too much and the profit be so high.

Detailed numerical calcu lation results are shown in 
Table I.

When 2 1D q n , in order to maximize their profits,
as rational actors, manufacturers won produce new
products in the second period, for reason that the supply of
recycled products which can be used for remanufacturing
exactly meet need, demand at this
time will increase a bit in comparison with condition 1, so
manufacturer optimal capacity preparation as well as
their new products production in the first period will
increase a bit. In the two-period production process, there
are no materials or products wasted. profit
increased in these two periods in comparison with
condition 1.

When 2 1D q n , the amount of recycled products 
which can be used for remanufacturing cannot meet the 
demand of consumers; manufacturers will choose to
produce new products to meet the needs of the consumers 
in the second period. Since remanufacturing activity has a
cost advantage and manufacturers have to make capacity
preparation for new products, this will bring some costs,
thus new products production at this time
would not bring them too much profit.

V. CONCLUSION

This paper main ly studies in the remanufacturing
supply chain that manufacturers manufacture new
products and drive them to the market in the first period
according to their capacity preparation; in the second
period, manufacturers will make a rat ional choice between
new products production and remanufactured products
production on conditions that both demand for
products and the amount of recycled products which can
be used for remanufacturing are uncertain, they will make
capacity preparation and choose to conduct 
manufacturing or remanufacturing activit ies according to

demand. A two-period model is developed to
find optimal two-period decision variables
and profits under different circumstances. Finally,
numerical simulat ion calculat ions found that when the
amount of recycled products which can be used for
remanufacturing is greater than demand,
manufacturer two-period profits will be relat ively low,
manufacturers will cut down their capacity preparation in
the first period so as to reduce their loss; when the amount
of recycled products which can be used for
remanufacturing is exactly equal to demand,

profit will be relat ively high, reasons are
that there are no capacity preparation waste and resources
waste in the two periods; when the amount of recycled
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products which can be used for remanufacturing is less
than demand, in order to meet the market
demand, manufacturers will choose to produce new
products in the second period, while in comparison with
condition 2, manufacturer profit increase too
much owing to the remanufacturing cost advantage, so,
manufacturers can only increase their profits by increasing
their capacity preparation in the first period.

We make analysis under the assumption that the
market demand is certain, while how to analyze when the
market demand is uncertain i.e. to do research with
random variables description is the direction of our future
research.
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1Abstract A study on simulation fidelity, utility and cost 
is conducted to address simulation quality issues in Discrete
Event Logistics System (DELS) context. First, a simulation 
lifecycle management (SLM) framework is constructed.
Specially, the concept of fidelity is brought into the 
framework. Then, simulation fidelity, utility and cost are 
divided into multi-dimensions each according to DELS 
simulation features. Third, a dimension decomposition based 
relationship analysis between Fidelity-Utility and Fidelity-
Cost is presented. A Utility-Fidelity mapping method is used 
to map simulation objective into fidelity requirement (FR). 
Fidelity design (FD) is strictly based on this FR, and 
simulation design is in turn based on FD. Finally, a Utility-
Cost management model is presented to show how well a 
simulation implementation is done. The SLM framework is 
effective in guiding the simulation to achieve reasonable 
balance between utility and cost, which falls into the cost-
effective equilibrium zone in the Utility-Cost management 
model. 

Keywords - Cost, DELS, fidelity, simulation, utility 

I. INTRODUCTION 

 Despite the wide use of discrete event simulation 
(DES) in Discrete Event Logistics Systems (DELS) 
planning and design[1][2], the issues about the quality of 
simulation application are left unstudied. In a way, the 
quality of a simulation study can be evaluated by 
simulation utility (SU) it achieves and simulation cost (SC)
it spends[3]. The lack of understanding about SU and SC
leads to two kinds of consequences: insufficient SU and 
unnecessary high SC. Insufficient SU, in turn, usually 
results in large errors or even invalid  simulat ions, and/or 
inefficiency in  simulat ion modeling. Th is is why a study 
on Utility -Cost (U-C for short) equilibrium is valuable. 
 Fidelity (F) is the main drive of SU and SC. In 
general, the higher the fidelity, the higher the SU, and 
inevitably the higher the SC[4][5], thought this is not always 
the case due to the nonlinear relationships between F-SU
(F-U for short) and F-SC (F-C for short). In this paper, the 
relationships between F-U and F-C are exp lored in DELS 
context, and a U-C model is built to address DELS 
simulation quality problems. 

II. METHODOLOGY 

A. Framework and perspective 
 For simulation quality, the lifecycle management of 
simulation is of great importance. A framework of 
simulation lifecycle management is given in Fig.1. It 

                                                                
1 This research is supported by National Natural Science Foundation of 
China (Grant No. 61104055) 

includes four stages: simulat ion preparation, simulation 
design, simulat ion implementation, and simulation quality 
management. How the simulation is prepared and 
designed largely decides the quality of a simulation study. g g y q y

Fig.1. Framework of simulation lifecycle management  

B. Concepts and dimensions 
1) Fidelity and its dimensions 
 Generally, fidelity tells how well the simulation 
system represents the object system[6][7]. The concept of 

was studied in
the following half century, but still remains as a nebulous 
term used by simulation community. It could be the 
model itself, the behavior of the model or the simulation 
execution results[8][9]. In this sense, simulat ion fidelity is 
divided into experiment fidelity and model fidelity. 
Experiment fidelity tells how the simulation experiment 
scheme is designed to achieve the simulat ion objectives, 
while the model fidelity tells how well the model 
represents the object system. A simulation system with 
high model fidelity is capable to serve a simulation 
analysis with low experiment fidelity, though this is not 
economical, but a model with  low model fidelity could  
not serve a simulation  analysis with high experiment 
fidelity[10]

 Theoretically, model fidelity is defined as the ratio 
between the simulation world  and the object real world 
(existing or imagined reality)[11]. See formula (1). 

                    
S

R

MFidelity=
M

                                 (1)

Where MS is the simulat ion model and MR is the reference 
model abstracted from the understood reality.  
 Simulation application in DELS domain is different 
from t rain ing field[12][13]. There is no hardware and/or man 
in the loop. The ob ject system is usually a compound 
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future system integrated by a set of queuing, inventory, 
transport network and other kind of systems. Usually, the 
purpose of simulat ion is to understand, analyze, evaluate 
and/or optimize the system. Based on the features of 
DELS simulation, fidelity is divided into the following 
dimensions as shown in Fig.2.
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Fig.2. The dimensions of simulation fidelity 
2) Simulation utility and its dimensions 
 Simulation utility is a blur and elusive concept, like 
fidelity itself. In a narrow sense, SU indicates how well a  
simulation implementation works for the given simulation 
objective pre-determined from a default v iewpoint of the 
user. But a b roader view of SU means more. In this study, 
the SU is divided into the follow dimensions shown in 
Fig.3. The relat ionships between different dimensions are 
complex. Some of the dimensions are correlated with 
others, while others could be regarded as independent 
elements. For example, the reusability is positively 
correlated with  timeliness, while the interoperability is 
rather independent. 
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Fig.3. The dimensions of SU 
3) Simulation cost and its dimensions 
 Simulation cost, as a concept, is much clear than SU.
The resources used and the amount of time and manpower 
spent in simulation are the actual cost, which is usually 
measured in monetary value. A simulation is always 
expected to be cost-effective[14].
 But when considering quantitatively cost evaluation, 
SC issue becomes much more complicated. It is difficu lt 
to measure SC in terms of monetary value based on time 

and manpower spent because of the random and uncertain 
factors, such as intelligence, experience and skills .
Objective measures are needed. In DELS context, 
investments for hardware, such as computers and software, 
are easy to be evaluated. The time and manpower cost in 
DELS simulation is spent in the simulation activit ies. In 
this sense, the essential activities in modeling and 
simulation (M&S) are the objective cost of the simulation. 
 Each of these M&S act ivities contains two parts: time 

usually disproportionate. The first part could be much 
greater than the second part. 

hods, skills 
and experiences. 
 Here, SC is div ided in the dimensions shown in Fig.4.
The dimensions are correlated. For example, if the 
computer has a higher configuration, the time to run the 
simulation could be reduced. 

Hardware
Resources 

Time 

Manpower
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Simulation cost 
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Space etc.
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To do it 
Fig.4. The dimensions of SC 

C. Relationship analysis and mapping 
1) Relationship between F-U 
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* For DELS context, interoperability is atypical and so omitted.  

Fig.5. The relationship between F-U 
Basically, the relationship between F-U is classified 

into three types: positive, negative and random correlation.
See Fig.5. The complexity of the F-U relationship comes 
from two aspects. First, the model fidelity dimensions are 
not strictly independent. For example, the logic dimension 
is related to structural dimension. Second, the relat ionship 
between fidelity dimensions and utility dimensions is not 
clear. 
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 An effective approach to understand the relationship 
is to split the correlation function into two parts  based on 
field experience: the linear part and the nonlinear part. For 
example, the relationship between utility of valid ity (Uv)
and the logic dimension of fidelity (fl) is defined as 
formula (2).

v 1 l 2 lU F ( f ) F ( f ) G                       (2) 
Where F1 is the linear part, F2 is the nonlinear part, and G
is the part for other dimensions of fidelity. 

Detailed analysis between each dimension of fide lity 
and dimension of simulation utility is carried out based on 
typical distribution center (DC) logistics system examples. 
There are random and uncertain factors  for each DC 
examples. No common relation functions can be found for 
a general definit ion of F-U relationship. But it does have 
similar features for similar DC logistics systems. Therefor, 
the relationship analysis between fidelity and utility 
dimensions is a field knowledge based analysis. Details 
are omitted for sake of limited paper length. 
2) Relationship between F-C 
 In general, an exponential relat ionship between F-C is 
accepted as a rough qualitative model in simulation 
community [ 15 ]. But the point of dimin ishing return is 
difficult  to find. It is determined by the modeler or the 
simulation experts. This dimin ishing return point is very 
important for simulation experts to estimate the cost and 
decide the fidelity and expected cost. But in DELS 
context, the validity of cost estimation is largely depends 
on the experiences and skills of the simulation expert. 
 A further analysis of F-C relat ionship on individual 
dimension level is shown in Fig.6. Generally, the 
exponential relationship model also applies to the 
relationship between different dimensions of fidelity and 
dimensions of cost. Like the relationship of F-U, random 
and uncertain factors affect the relation between each 
dimension of fidelity and cost. Typical examples of DC 
logistics systems are used to help the explorat ion into the 
F-C relationship analysis , which  helps to build  up field 
knowledge. 
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positive correlation random correlation  
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Fig.6. The relationship between F-C 
3) U-F mapping
 The first important process  of simulation lifecycle 
management is to determine the fidelity requirement that 
matches the simulation ob jective. A U-F mapping method 
is presented here as Fig.7 to help determin ing the fidelity 
requirement. Dimension decomposition analysis is used to 

map simulation objective onto fidelity requirement. A ll 
dimensions are listed in detail, such as decision variables, 
performance parameters, accuracy, timeliness, sensorial 
and other requirements. The simulat ion objective 
determines all this elements. According to these 
requirements, the model structure, logic and quantitative 
relation are determined. 

  
Fig.7. U-F mapping 

III. RESULTS 

 By mapping the simulation objective onto fidelity 
requirement, a well-prepared fidelity design is possible. 
The simulat ion modeling and simulation experiments 
should be based on this fidelity design. The final possible 
result of the utility and cost of a simulation application 
would fall into different cases . A U-C model that 
summarizes the quality of simulation application in terms 
of utility and cost is shown in Fig.8.
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Fig.8. The simulation U-C model 
 Normally, the U-C relationship of a simulation 
application would be naturally  balanced which is 
identified as a horizontal line. The position of the 
horizontal line could be higher o r lower than the specific 
line determined by point Uobj and point Cobj, which is the 
theoretical optimal equilibrium of utility and cost of a 
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given simulation study. If the simulat ion is not well 
designed and managed, inadequate fidelity and less cost 
might happen, and an under equilib rium state would be 
achieved; or excessive equilibrium state would be 
achieved when unnecessary high fidelity and cost 
happened. 
 Also, there might be imbalance cases. For example, if 
the straight line is positively sloped, the cost will be 
disproportionately higher than the corresponding utility of 
the simulat ion, and vice versa. A group of factors lead to 
such imbalance cases. For example, irrational pursue for 
3D visual effect, lack o f effective method to manage 
simulation modeling utility, wrong decision on simulation 
modeling design and lack o f programing skills are the 
most recited factors and reason for unexpected high cos t
but not proportional utility.  
 At the same time, people are try ing to find ways to 
reduce the simulation cost while keep ing certain  level of 
utility. This is often the case when modelers try to 
improve the simulation utility for themselves. For 
example, modelers are always seeking methods to 
improve reusability to effect ively reduce modeling time in 
similar simulation applications. Theories and methods 
learned and experiences and/or skills gained of a 
simulation team would significantly reduce the cost when 
the team works on similar simulation projects.  In this 
sense, balance is relative. The equilibrium is a balance 
under certain methodological restrictions. When new 
method improves the modeling efficiency, the cost will be 
reduced, and this is often called  a new equilibrium instead 

IV. CONCLUSION 

 In order to achieve high quality of simulation, i.e . 
cost-effective as well as sufficient utility, a  deeper 
exploration into the relationship among three basic 
concepts about simulation, fidelity, utility and cost, is 
conducted. Relationship analysis based on dimensional 
structure decomposition indicates that the relationship 
between either two of the three is very complex and 
nonlinear. By relat ionship analysis between F-U and F-C, 
the bridge between utility and cost is built. A simulation 
lifecycle management framework is presented, and the 
concept of fidelity  is brought into the framework. Under 
this framework, simulation objective is effectively 
mapped onto fidelity requirement, and then the fidelity 
requirement decides the model design. The framework is 
designed to guide the simulation pract ice to achieve a 
better balance between utility and cost. Finally, the U-C
model provides a clear description and a better illustration 
of the quality of a simulation application. 
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Abstract - U-shaped lines are considered to have a 
number of advantages over traditional lines. COMSOAL is a 
recurrent procedure for assembly lines balancing, and it 
stands for computer method for sequencing operations for 
assembly lines.  In this paper, an improved U-COMSOAL is 
proposed to solve some problems of COMSOAL, the 
random picking part of the COMSOAL method is 
substituted by a ranked positional weight method, and takes 
both the predecessors and successors of the tasks into the 
account. Finally, a comparison of between the improved 
method and a classical method suggested by Ö. F. Baykoç 
was done, which illustrate the efficiency of U-COMSOAL.

Keywords - Assembly line balancing, heuristic, stochastic,
U-shaped 

I. INTRODUCTION 
 In manufacturing, assembly line configurations can 
be seen as of the most ubiquitous and important issues in 
order to enhance production [1-9]. This problem is 
generally called ALBP, for Assembly Line Balancing 
Problem, and its consist on gathering tasks into 
workstations such that the sum of the processing times at 
each station does not exceed the station time, also named 
station cycle. A digraph as Fig.1 typically shows 
precedence relations between tasks. Digits, above the 
nodes, represent the processing times for theirs 
corresponding tasks. These tasks cannot be sub-divided 
and must be completed at their assigned stages. 

Fig.1. Example of a precedence network 
 There are two common versions of this problem: the 
first version is to min imize the number of workstations for 
a given cycle time, the second version is to min imize the 
idle t ime. As a reminder, the id le time is the non-
productive time of employees or machines, or both, due to 
work stoppage from any cause. As an example, the Fig.2 
shows an optimisation of the problem denounced by the 
Fig.1. In which, there is a cycle time of 10 time units with 
4 workstations required. 

Fig.2. Straight assembly line solution to Fig.1 

The advent of Just-In-Time has led industries to 
search for manufacturing technologies in order to  satisfy 
lean concepts and high efficiency in both inventory and 
labour. So, because of JIT requirements, industrial 
companies are now designing theirs assembly lines as U-
shaped assembly lines. There are many advantages to 
switch from straight assembly lines to U-shape. At first, 
they present a better potential fo r balancing. Also, they 
can improve visibility and communications: workers have 
a better point of view toward the assembly line. It does 
require fewer stages, there is more flexib ility for 
adjustment, and eventual travels are shorter. Moreover the 
material handling is quite easier compared to straight lines. 
Fig.3 shows an optimal U-shaped assembly line for the 
example of network, Fig.1. One can see that there are only 
3 stations required, compared to the 4 workstations 
required by the straight assembly line.

Fig.3. U-shaped assembly line solution to Fig.1 
There are two types of classification for simple line 

balancing problems: type I and type II. In  type I, the cycle 
time, seen as the pace of the production, tasks and theirs 
times, precedence relations are given. The objective of 
this is to minimize the number of stages. Indeed, an 
assembly line with fewer stations will result in a lower 
labour costs and it will reduce space requirements. Type I 
problems generally  occurs when one has to design new 
assembly lines. To achieve the forecast demand, the 
number o f workstations has to be lowered. For expansion, 
when demand is increased, type I problems also can be 
used to minimize the number of extra stations needed to 
install. In type II problems, the objective is to minimize 
the cycle time, whereas the number of stages 
(equivalently the number of employees) is fixed. The 
main purpose of it is to maximise the production rate. 
Type II balancing problem generally occur, when the 
organization wants to produce the optimum number of 
items, using a fixed number of stations without any 
expansion. In this latter type, it is necessary to consider 
subassembly lines. The most recurrent type of ALBP we 
can find in industry is the type I rather than the type II. 
But exact algorithms available for the same become 
intractable when the problem size increases.
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The type of SALBP (Single Assembly Line
Balancing Problem) that is studied in this thesis is the 
type I. From a list of tasks submitted, with theirs times 
and precedence relations, we will analyse and implement 
solutions for U-shaped line balancing problem.

Fig.4. Summary of assembly line balancing problems 
The Fig.4 is a summary  of assembly line balancing 

problems. Th is paper deals with single model for ALBP 
that are deterministic. As of today, there is no exact 
algorithm, which permits to balance a U-shaped assembly 
line efficiently. Furthermore, there is also no way to solve 
this kind of problem exactly within a short time. 
Regarding multi-mixed model, it means assembly lines 
that combine many kinds of lines. In some factory, you 
can find straight lines combined with parallel lines, two-
sided lines etcetera. This problem is even more elusive. 
However, we will try to give some elements of solution 
thereafter.

II. COMSOAL Method 

COMSOAL stands for Computer Method of 
Sequencing Operations for Assembly Lines. It is a 
computer heuristic method, but also a stochastic method, 
originally reported as a solution approach to assembly line 
balancing problem. As a reminder, in p robability theory, a 
purely stochastic system is one whose state is non-
deterministic, so that the subsequent state of the system is 
determined probabilistically. Any system or process that 
must be analyzed using probability theory is stochastic at 
least in part. Stochastic systems and processes play a 
fundamental role in mathemat ical models [10-12] of 
phenomena in many fields of science, engineering, and 
economics. 

In line balancing literature, recently, a few references 
[13-15] to COMSOAL are in the assembly line balancing 
area. As a solution method, COMSOAL quickly generates 
multip le feasib le solutions and uses the best solution as its 
random picking as its final reported result . Picking 
randomly  a task and constructing subsequent tasks 
generate sequences. New stations are opened when 
needed. Sequences that exceed the best solution are 
discarded. Better sequences become upper bounds. The 
main d ifference between COMSOAL and U-COMSOAL 
methods is the assignment of the tasks into the stations. 

At the COMSOAL method, while the workstations are 
being constituted, only the tasks, the predecessors of 
which are assigned, are taken into account. However U-
COMSOAL method takes both the predecessors and 
successors of the tasks into the account. 

III. U-COMSOAL MODEL 

 The different steps for U-COMSOAL solution are as 
followed: 

(1) Initializing the method 
A index of the first sequence x is defined, an array A 

for tasks that still can be selected, the current cycle t ime C 
which has been calculated before running the method, the 
matrix WM we are working on, and the current station. 
We are using a duplicated matrix WM from the input M, 
because it allows us to keep  a track on what was 
submitted. 

% Start the method
function [] = starting() 
        disp('starting') 
        x=0; % first sequence
        UB=1000; % a big number
        c=C; % current cycle time
        A=TK; % task selected
        WM=M % working matrix
        station=1 % current station
        new_sequence(); 
end

(2) Starting a new sequence 
A main method with no parameters  was designed,

input of Boolean values and output exemplifying the 
relevant criteria. It  means that a sequential algorithm can 
run with adjacency matrix as input, and can deliver output 
as an idle time or a number of stations. 

% New sequence
function [] = new_sequence() 
        disp('new sequence') 
        x=x+1; % x index of sequence
        A % display list  A
        WM; 
        precedence_feasibility(); 
end 

The variab le x is the index of the current sequence. 
At the first try, the U-COMSOAL code does not provide 
an optimal solution. After X sequences, we can consider 
that we have a good solution, but nothing says it is an  
optimal or even the best. 

(3) Checking precedence feasibility 
In order to establish which task can be assigned to 

the current station, we have to check for its precedencies 
and to determine if its time suits the current allowed time. 

% Precedence feasibility
function [] = precedence_feasibility() 
        disp('precedence feasibility') 
        n=size(A); 
        sizeA=n(2); 
        B=[]; % reset B
        i=1;  
while i<=sizeA 
if (WM(1:end,A(i))==[0]) % look for predecessor 
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     B=[B A(i)]; % add task without predecessor from A to B
elseif (WM(A(i),1:end)==[0]) % look for successor
         B=[B A(i)]; % add task without successor from A to B
end
            i=i+1; 
end
        B % display list  B
        t ime_feasibility(); 

end

(4) Checking time feasibility 
It means that the final array obtained can be longer 

than one element. So, we can call the list being 
constituted here a candidate list. If the candidate list, 
which has been constituted, is empty, the method has to 
start a new station. Indeed, the current cycle t ime is 
indexed on the station. It means that when you are 
assigning tasks to a station, the sum of operating t imes 
(from tasks assigned) cannot exceed the cycle t ime. 
Therefore, it  is necessary to add a new station if no task is 
suitable for the current one. In  the case where the 
candidate list is not empty, the method has to select a task. 

% Time feasibility
function [] = time_feasibility() 
        disp('t ime feasibility') 
        n=size(B); 
        sizeB=n(2); 
        F=[]; % reset F
        i=1; 
while i<=size B 
if (t(B(i))<=c) 
                F=[F B(i)]; 
end
            i=i+1; 
end
if isempty(F) % F empty means no successor or predecessor
            open_new_station(); 
else
            select_task(); 
end
end 

(5) Open new station; 
If there is not enough time remain ing, the method 

has to open a new station. The current cycle time is 
indexed on the current station. 

(6) Select the task suitable, and continue the loop 
This number generated has just to be mult iplied by 

the size of the array F, and to be ceiled, in o rder to pick up 
the task. There is no more random trick involved in this 
part. It constitutes the heuristic feature of this method.  

% Select new task
function [] = select_task() 
        disp('select task');
        m=size(F); 
        RN=rand(1,1); % select randomly an available task
        ii=ceil(m(2)*RN); %
        F(ii) % display selected task
        [p]=find(A==F(ii)); 
        [q]=find(B==F(ii)); 
        [r]=find(TK==F(ii)); 
        A(p)=[]; % update list  A
        sizeA=sizeA-1;
        B(q)=[]; % update list  B
        sizeB=sizeB-1;  
        WM(1:end,r)=[0]; % update matrix WM row

        WM(r,1:end)=[0]; % update matrix WM column
        F(ii)=[]; % update list  F
        c=c-t(r); % update cycle time
if isempty(F) 
            schedule_completion(); 
else
            precedence_feasibility(); 
end
end 

(7) Schedule completion if no task remains. 
It is used to measure the effectiveness of the current 

solution obtained. The lower the id le time is, the better the 
solution is. 

This solution has been studied by Ö. F. Baykoç [13]. 
A main suggestion of enhancement is to implement a 
R.P.W. (rank positional weight) method to this first 
solution. 

In fact, Talbot et al. [16] compiled a list of the 
numerical scoring functions that have been used by 
Hackman, Wee and Magazine [17], and other researchers 
in construction decision rules for assembly line balancing 
heuristics. Four of these are meaningful of the parallel 
station U-shaped line problem. Each of these rules assigns 
a score reflecting the importance of a task in terms of 
some measure such as time or number of tasks that they 

workstations. The method suggested uses all following 
aspects with appropriate U-line adaptations: (1) Work 
element time, (2) Positional weight, (3) Number of 
followers, (4) Number of immediate followers. 

In addition, it improves over earlier heuristic by 
immediately adjusting scores and re-ranking available 
tasks after each task assignment. The adjustment and the 
re-ranking is very important for U-lines since the 
assignment of tasks either end of the line can immediately 
affect ranking scores in the case of PW, NIF, and NF 
criteria [18]. 

Giv ing this method a R.P.W. implementation 
involves considering the Buxey constraint. It  has been 
studied by Cheng et al. [19], Miltenburg [20], and Aese et 
al. [21]. It deals with the question of extending the current 
station to two parallel tasks. If the current stage has 
already been extended, this  function returns immediately 
to the time feasibility  in order to check for other task 
suitable. Indeed, the Buxey constraint on minimizing 
duplicated equipment does not allow further expansion. In 
brief, the task cannot be assigned. If the time consumed 
by tasks already assigned to an unexpanded station 
requires the stage to be expanded beyond the minimum 
necessary to accommodate the current large task, 
expansion would also violate the Buxey constraint. 

Buxey [22] was the first to study the practical aspects 
of parallel stations including costs of duplicated 
equipment and difficult ies of layout and transportation. 
There is a constraint the bears his name. The Buxey 
constraint is a constraint that allows us to know if the 
current stage can be expanded. To check this, the simple 
following calculus has to be done. 
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If the task can be incorporated, the number of parallel 
stations in the stage is set equal to q, the slack time is 
adjusted accordingly, and the search to complete the load 
continues. The definition for the slack time is: term that 
refers to the time that an activity can be delayed. It also 
refers to the d ifference between  the late and early start 
times of an activity. 

The final algorithm, implemented by Matlab methods, 
can be found in appendix. It had been optimized by matrix 
operations. Indeed, Matlab, as its name indicates, is prone 
to manipulate matrix. The next part is then dedicated to 
compare existing solution to the one implemented in this 
study. 

IV. RESULTS 

One case study has been realized by Ö. F. Baykoç
[13]. It deals with a Dishwasher Machine Facility, at 
Ankara. It gathers two assembly lines disposed as U-
shaped lines. Daily outputs are as following. 

Line 1: 200, Line 2: 900 
The second line is described as composed of thirty-

nine workstations in which thirty-n ine workers are 
employed for a total number of tasks to complete the 
assembly is 183. In  fact, working day is 8 hours with a 50 
minute-lunch (a 20 minute break coffee is also provided). 
Thus, the production rate aimed at is 900 units per day. 

Results obtained during this study show that the 
problem can be solved by 4 alternative solutions. 
However, one solution is better than the others as it can 
provide the targeted daily output, that is to say 900. In fact, 
other alternative solutions provide daily output from 894 
to 897. When the assembly  line is rebalanced with 
deterministic times in the U-line setting type, the number 
of stations to achieve 900 units of output decreased from 
39 to 36. By applying the same input to our enhanced 
algorithm, we can demonstrate the importance of R.P.W. 
implementation (comparing these two methods). The 
number of output targeted remains the same as it 
constitutes an optimal number. By implementing the 
method given by Ö. F. Baykoç [13], we can compare the 
efficiency of our work with an existing solution s. This 
study is evaluated by the execution time. To do so, we 
evaluated the time complexity  of the d ifferent methods. 
Both are equivalent to a quadratic. The frame of these 
methods can be summed-up in the following Table I. 

TABLE I 
TIME COMPLEXITIES 

sequences line browsing loops

Therefore, the time complexity can be written in a 
system for each method. These systems are as following. 
They are both quadratic, and n represents the number of 
tasks one can submit to them. The Fig.5 is a 
representation of the experimental running time for our 
solution. 
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0067479.0

00040978.0050314.6)(

2

2
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nnenu
                  (2)

Equation (2): Running time for our solution 

98524.0
0024568.0

000245678.0052485.8)(

2

2

R

nnenu
   (3)

Equation (3): Running time for Bayroç solution 

Fig.5. Experimental execution time 
 We can say that our solution is seen as more 

efficient. Not because of the R-square but because of the 
coefficient of the square term. This fact can be explained 
by method frameworks. The R.P.W. method initially 
implemented to a U-COMSOAL method (Baykoç s
solution is based on it) gives an advantage. Browsing 
assembly line is shortened by the ranking processing. 
While a standard COMSOAL method takes into account 
every case - doing a loop, our enhanced method takes 
advantage of ranking scores to pick new solution. This 
method can be regarded as a pseudo ant colony algorithm, 
but it is none. Nevertheless, it does constitute an 
enhancement compared to existing solution. The 
improvement is based on the execution time, and not on 
the solution given. Therefore, this way of solving ALBP 
for U-shaped line is significant for bigger problems. 

V. CONCLUSION 

Nowadays, industrial companies are looking for the 
enhancement of their p roduction at all levels. A solution 
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often considered as one of the best, but also one of the 
most complex to manage because of its shape, is the U-
shaped assembly line. 

U-shaped lines can be interesting for a company 
because they can main ly help save workforce; companies 
are also trying to lower their workforce. To  do it, they 
have many possibilities. One of them is to change their 
assembly lines - the major part of them is straight - to U-
shaped lines. Thus, they respect the JIT philosophy. The 
main issue is to adapt theirs existing algorithms to a U-
shaped problem. In this paper, we have adapted an already 
existing solution (the R.P.W. method) to a problem often 
neglected. 

Numerous ways of improvement for the ALBP 
concerning U-shaped lines exist. Balancing assembly 
lines can be very complex, and therefore in o rder to 
provide a good solution to it, some have started to design 
algorithms that will reproduce the behavior of bacterial. 
Other persons use graph coloring to ALBP. There are 
many kinds of way to do it. The method we have dealt 
with in this paper represents the current best feasible 
solution. Furthermore, co mbining features provided by 
software as Tecnomatix Plant Simulation, edited by 
Siemens, could permit many improvements. Walking time, 
and more generally geometric d imensions associated with 
time are parameters ignored for their implementation 
complexity. Then taking them into account opens new 
ways of improvement. One could  imagine a combination 
of two software like Matlab and Tecnomatix to solve 
more complex ALBP. 
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Abstract - 
product designers would like to utilize the previous design 
knowledge. This requires a systematic and structured way 
for design knowledge representation and reuse. A new 
method which is named knowledge component to make 
design knowledge reused conveniently is presented in this 
paper. Knowledge component is a virtual reuse model which 
has specific function. The internal structure and working 
principle of knowledge component are discussed; meanwhile 
the involved design knowledge was analyzed in detail. The 
design process of barrel chamber was taken as an example to 
illustrate the executing process of knowledge component.
Testing result shows that this method is feasible in terms of 
increasing design efficiency and helps the designers reuse the 
existing knowledge rapidly.  

Keywords Design automation, knowledge component, 
knowledge reuse, knowledge representation 

I. INTRODUCTION 

Increasingly competit ive and demanding markets are 
forcing enterprises to search for means to decrease time 
and costs for new product development, while satisfying 
customer requirements and maintaining design quality  [1].
During the enterprises developing process, a large amount 
of design knowledge is accumulated, including product 
parameters, standards, specifications, templates , software 
using methods and so on [2]. Meanwhile, many new 

designs of the previous projects  [3]. According to statistic, 
there are about 40% of product designs  may reuse the 
existing components design directly, and 40% of product 
design may only make a minor changes, only 20% are 
entirely new design [4-6] great ly
significant fo r enterprises to reuse the accumulated design 
knowledge if they want to design new products rapidly 
and win the market share. However, the existing 
knowledge managing and reusing methods, especially the 
complex modern products such as the planes, ships and so 
on, are far away to meet the practical requirement, which 
makes it  extremely   even experienced design 
engineers, to trace the previous design routines. To 
achieve knowledge reuse during product design, much 
attention has been paid to integrate knowledge with 
product design process. Knowledge service and 
knowledge assistant are two important approaches for the 
integration [7-10]. In this paper, we present the method of 
knowledge component to implement the integrating.  

The remainder of this paper is organized as follows. In 
Section II, the definit ion, structure, and invoking way of 
knowledge component will be introduced. In Sect ion III,

we will analyze the design knowledge involved in 
knowledge component in detail. In Sect ion IV, the design 
process of barrel will be taken as an example to illustrate 
the feasible of knowledge component. In Section V, the 
conclusions are given. 

II. KNOWLEDGE COMPONENT 

A. The definition of knowledge component  

Knowledge component is a virtual reuse model which 
has specific function. It can encapsulate different types of 
knowledge (design experience, templates, standards, etc.) 
in a structured way and accept parameters, execute actions 
and return corresponding results automatically under the 
control of drive program [2].

B. The structure of knowledge component  

The structure of knowledge component is illustrated in 
Fig.1. It consists of 3 main parts, which can be 
represented as KC = {SC, E, S}. KC refers to the 
knowledge component. 

Input parameterInput parameter Template fileTemplate file Output parameterOutput parameter
parameter result

Static elements of knowledge component 

Execute engineExecute engine

Solver

execute

Inject 
paameter

Extract 
result

reason

analyze

monitor start
Construction 

data

Execution 
data

Database Solver
library

data

Inference engineInference engine
start

Engine

Fig.1. The structure of knowledge component  
SC refers to the static elements of knowledge 

component, which includes input parameter, template file  
and output parameter. The function of input parameter is 
receiving data inputted by designer and representing 
design experience knowledge which can be used for 
reasoning design parameter. Template file can be parsed 
by particular solvers. For example, trail file  can be used as 
the template of PRO/ E; macro file can be used as the 
template o f NX. Template is an important type of design 
knowledge which can record the previous design process. 
Output parameter is the container of the result.  

E refers to component engine, which is the drive 
program of the knowledge component. It includes 
inference engine and execute engine. Inference engine can 
reason out design parameters by analyzing the designer s 
input data and previous design experience involved in the 
input parameter. Execute engine controls the executing 
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process of knowledge component. It dynamically in jects 
design parameters into the template file and calls for 
computing service from the solvers, when the computing 
is finished it will extract the results from the template file. 
After analyzing, the results are sent to the designers. 

S refers to solver, which is used to complete a specific 
task. A solver is generally a software tool e.g. MATLAB,
NX, ANSYS. Template file must be executed by the 
solvers. 

C. The invoking way of knowledge component  

Product design is  a repeated iteration process which 
includes many stages, like modeling, simulation, optimize, 
and so on, so there are many repetitive works in the 
process [11]. We can encapsulate the repetitive work into 
knowledge component to improve the design efficiency.
As shown in Fig.2, the invoking way of knowledge 
component is concise. In every stage of design process 
like validating parameter, generating model, analyzing 
model, and so on, the designers can invoke knowledge 
components which have been constructed from 
knowledge component management center. The invoke 
requests include two aspects of information, one aspect is 
the identifier of the knowledge component which we need 
to invoke, the other is the input data of the knowledge 
component. After sending the request, the designers need 
to do nothing to change or monitor the executing of the 
knowledge component except wait for the result returned 
by the management center.  
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Fig.2. The invoking way of knowledge component
When the knowledge component management center 

receives the request, it parses the request and instantiates 
the corresponding knowledge component, and then injects 
the input data into the input parameters of the knowledge 
component, and then starts the driver program of the 
knowledge component. The knowledge component 
executes a series of actions automatically and outputs the 
results. At last, the knowledge component management 
center captures and returns the results to the designers. 
The entire life cycle of the knowledge component finishes. 

III. DESIGN KNOWLEDGE INVOLVED IN 
KNOWLEDGE COMPONENT  

Design knowledge can be acquired from various 
sources and generally requires an integrated 

 [12-13].
 experience knowledge, together with the 

product design process  knowledge, are very important 
intellectual properties of an enterprise and will 

projects if properly  reused. In knowledge component, 
these two types of knowledge are respectively represented 
by input parameters and template files.  

A. Experience knowledge 

Compare with other types of knowledge, an obvious 
feature of experiences knowledge is the existence form.  
The majority  of experience is stored in the designers
minds, so it s difficult to inherit and reuse. In order to 
solve this problem, we encapsulate this type of knowledge 
in form of production rules when modeling knowledge 
component input parameter.  As in Fig.3, a production rule 
is a two-part structure using First Order Logic for 
reasoning over knowledge representation.  and 
then  is the logical fields, LHS Left-Hand Side) is the 

execution conditions of the rule, RHS  (Right-Hand 
Side) is the actions will be executed.  

when
LHS

then
RHS

Fig.3. The structure of the rule 
We take the barrel chamber design task as the 

example to illustrate the representation method of rules. In 
order to assure the sealing of chamber and the 
convenience of pumping bullet shell, the gap 
between the barrel and the bullet shell must be kept in a 
reasonable scope, as showed in Fig.4. According to 
previous design experience, the gaps should be in 
accordance with formula (1) 

                         
350050
300050

2
1                           (1) 

Fig.4. The assembly relation between barrel and bullet shell 
  The final ru les are showed in Fig.5. In general, the 
parameters of the shell are known before designing the 
barrel. In LHS , we can use some identifiers to indicate 
the diameters of shell, and then write the expression of 
target parameter using these identifiers and design 
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experience in RHS . When we design the chamber, the 
only thing we need to do is input the parameters of shell 
and design requirements of chamber into the knowledge 
component, then the engine will execute the rules 
automatically and the design experiences will be reused 
conveniently. The key advantage of this point is that using 
rules can make it easy to express solutions to difficu lt 
problems and consequently have those solutions verified.
What  more, the experience knowledge can be much 
easier to maintain  as there are changes in the future, as the 
knowledge is all laid out in rules. 

Fig.5. The content of rules 

B. Design process knowledge  

Design process knowledge is another important and 
abundant type of knowledge in enterprises. It records the 
whole solution and tools ever used to solve design 
problem, so we can rapidly complete design work by 
perfectly reproducing the previous design process [14-15].
Design process knowledge cannot represent by simple 
number or regular expressions, we represented it by 
template file in knowledge component. We take the macro 
file as the example to illustrate the modeling method of 
template. A streamlined template is shown in Fig.6. We
need to pay attention to three aspects when modeling the 
template. First, we need to build the relationship between 
template and solver so that the template can be executed 
accurately. in this basic information we can  find the 
informat ion about solver. Second, we need to build the 
relationship between template and input parameter so that 
the design parameters can be injected into the template, in 
this example, we use ${example_T} to instead of variable  
T so that the template can receive parameters dynamically,
which makes it more convenient to reuse the knowledge 
component. Third, we need to configure the path of the 
result file so that the engine can extract the result 
conveniently. 

Fig.6. The content of template file 

IV. CASE TESTING 

In order to verify  the feasibility of the proposed 
function of the knowledge component, we developed a 
prototype system and took the design process of barrel 
chamber as an example to test the executing process of a 
knowledge component, the process and result are shown 
in Fig.7:  log in  the system, select the chamber design
knowledge component and double click to start;  input 
the design requirements of the chamber and click the 
submit button, then the inference engine reasons the 
design parameters of chamber in the background;
examine all the parameters and change which does  not 
suitable for requirements;  the selected knowledge 
component runs automatically;  the NX software starts  

Fig.7. The executing process of knowledge component  
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itself;  the model o f chamber is created;  a result file  
is returned to the designer. Of all the 7 steps, only 3 need 
to be operated by the designer, which indicates that the 
knowledge component is very easy to reuse. And the 
whole process only takes half a minute, shorter than 
operating in NX artificially. 

V. CONCLUSION 

It is a  common sense that the previous design 
knowledge may play  a crucial role in a product redesign 

 reuse to support 
new product design, it is important to develop a 
systematic and structured way to represent the knowledge. 
In this paper, knowledge component is presented to 
implement this function. Knowledge component can 
represent design knowledge through its constituent 
elements and be executed automatically controlled by the 
engine. Designing product with knowledge component 
can rapidly reuse the design knowledge and greatly 
improve the efficiency of design, for it integrates design 
knowledge and design process and at the same t ime, 
making the CAD and CAE process run automatically.  

It must be remarked that in the context of the present 
paper, only normalized  design knowledge have been 
represented using knowledge component, whereas vague  
and unstructured design knowledge are not considered by 
the current approach. Actually the uncertainty and 
fuzziness often accompany the design knowledge. In  our 
future work, we will study how to represent uncertainty 
and fuzziness knowledge so that knowledge component 
can have greater applicability. 
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Abstract - Complex product development is featured 
by technology innovativeness, large scale investment, 
long development cycle and uncertainty. Therefore, 
early technology assessment is essential for 
decision-making in the development project. This paper
aims to provide a TSM (Technology Satisfaction 
Measurement) metric, which dynamically gauging the 

pplied. The 
purpose of TSM is: 1) assessing market competitiveness
of the product developed; 2) developing a synthesized 
metric to compose all of the technology measurement. 
Firstly, in this paper, a TRD (Technology 
Reliability Degree) distribution model has been 
presented. Secondly, a technology satisfaction
distribution model has been built. Thirdly, TRD and 
TSM distribution model are synthesized to formulate the

s were
allocated to each of the technologies according to 
customer preference and thus a system technology 
satisfaction measurement was formulated. Finally, the 
method was exemplified by the application in the project 
of aircraft brake system development.

Keywords - Complex product development, complex 
product system, technology satisfaction measurement

I. INTRODUCTION

Complex product System (CoPS) is defined as the 
product of complex customer requirement, complex 
composition, complex technology, complex 
manufacture ring process and complex pro ject 
management, such as spacecraft, airp lane, automobile,
ship, complex Mechanical and electrical products ,
weapon system, etc. [1]. the complexity of CoPS has 
rendered the following features to the CoPS 
development project: 

1) Technology innovativeness. There are more 
unknown knowledge area, more innovative point, and 
more exploration in the CoPS. 

2) Large scale investment. The cost of a Cops 
development project  may range from millions to 
billions. 

3) Long development cycle. The process from 
project starting to prototyping and carrying on 
production may include many complex stages, and the 
cycle time may be several years , even a dozen years.

4) and uncertainty. These uncertainties include 
uncertainty of requirement, technology, cost, and 
market etc. [2]. 

These features have definitely complicated the 
decision-making for the CoPS development project.

Therefore, many researchers develop Key 
Performance Indicators (KPI) to monitor and control 
the CoPS development project [3]. Among all the KPIs, 
those measuring technology capability are especially 
important for CoPS development because of the 
technology complexity feature of the product. 

Dynamic and effect ive measurement of system 
situation during the development process has become 
a key issue for the decision-making. The purpose of 
this paper is to provide a method which can 
dynamically and effectively measure the satisfaction 
of customer to the product being developed.

II. METRICS IN THE CoPS DEVELOPMENT 
PROCESS

According to literature, some technology metrics 
are static. it implies the performance of the 
technology can not be measured until the end of the 
development project, when the prototype or the 
product have been produced and put to validation or 
use in field [4]. Yet there some dynamic metrics is 
presented. In US military industry, TPMs (Technical 
Performance Measures) was used to manage 
technology development [ 5 ] [ 6 ]. In addit ion, TRL 
(Technology Readiness Level) was considered as an 
important indicator to decide whether the process 
should entry into next stage at milestone A, B, or C in 
the materiel acquisition process [7]. 

Literature [ 8 ] proposed that the technology 
developing of CoPS is a process of performance 
fluctuating, maturity growing, uncertainty reducing, 
and eventually the performance being stabilized in the 
design domain before the CoPS being put into 
operation. Evaluating technology performance in a 
development environment requires considering 3
factors: technology capability, technology maturity, 
and product requirement.  The concept of TRD 
(Technology Reliability Degree) was present by 
combining TPM and TRL. 

III. TECHNOLOGY SATISFACTION 
MEASUREMENT (TSM)

With the concept of TRD and TRD d istribution 
model, metrics such as technology risk measurement,
schedule measurement, and effort measurement, etc.
can be developed. In this paper, however, they will be 
used to develop a Technology Satisfaction 
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Measurement (TSM). TSM is a dynamic metrics. It
can be define as the degree that customer will be 
satisfied with the technology performance of the 
product. Applying TSM has 2 purposes: 

1) To evaluate market competit iveness of the 
product developed during the development process .
This will help making decision about closing project , 
technology modification, or enhancing support.

2) To create a metric synthesizing all kinds of the 
technology measurement for the project. Technology 
metrics in CoPS development is not generally unique,
therefore, how to composing them place difficu lties 
for the project decision. PSM method synthesizes 
them by given the weights according to customer 
preference. 

IV. TRD DISTRIBUTION MODEL

TRD can be defined as: according to current 
performance, the probability of the technology 
satisfying the requirement by the end of the 
development.

As Fig.1 shows, a requirement REQ related to a 
product PRD can be described as: 

REQ: },a{TT.PRD bA (1)
Where ATT is a  measurable attribute of product; a

and b are respectively lower limit  and upper limit of 
the design domain. {a, b} is the design domain. 

Fig.1. the concept of TRD
Technology TCH is the solution of requirement 

REQ, x  is the technology capability. Considering 
technology uncertainty, the x value which the 
technology will finally gain is a random variable, 
Subjecting to the probability d istribution function f(x). 
for the purpose of simplification, let f(x) is a
continuous function and submits to the normal 
distribution. The TRD is calculated by the following 
formulas:

b

a
dxxf )(R

(2)

2

2

2
)(

2
1 exp)( xxf

(3)
Where: 

R=TRD
f(x) = technology capability distribution 

function; 
 = current measurement value of the technology 

capability.  can be measured by calculation and 
analysis in the early stages(identified by TRL 1,2,3) 

of the development project, or by testing and 
simulation in the middle stages  (identified by TRL 
4,5,6), or by validation or field operation in  the later 
stage (identified by TRL 7,8,9).

is technology uncertainty. The larger the is, the 
more probable the technology will eventually deviate 
from current value. In  engineering practice,  can  be 
determined by TRL. As TRL increasing,  decreases.
When TRL=9, =0. Development organization can 
specify the value of  by formulating an -TRL 
relation curve according to related disciplines of the 
project.

V. TECHNOLOGY 
SATISFACTION DISTRIBUTION FUNCTION

When technology capability is x, the customer 
satisfaction to the technology can be calculated by 

)(xg . )(xg is named as technology satisfaction 
distribution function. According to the shape of the 
function curve, TSM distribution function can be 
identified as 4 types: A) Horizontal, B) Trapezoid, C) 
Left Sloped, and D) right Sloped, As Fig.2 shows.

In which {a, b} is the design domain, s is customer 
satisfaction degree, 10 s .

A Horizontal function curve means the customer 
satisfaction is make no deference to the technology 
capability (s=1) so long as the technology capability 
meet the design requirement ( bxa ).

A trapezoid function curve means the closer the x is 
to the region },c{ d , the higher the customer 
satisfaction. When dxc , the s gains its highest 
value (s=1).  

A left sloped function curve means the greater the x 
is, the higher the customer satisfaction. When cx ,
the s gains its highest value (s=1), c is therefore called 
satisfaction saturation point. 

A right sloped function curve means the smaller the 
x is, the h igher the customer satisfaction. When 

cx , the s gains its highest value(s=1), c is  
therefore called satisfaction saturation point. 

VI. TSM FOR SINGLE TECHNOLOGY

According to the above statement, it can be known
that when the value of technology capability get value 
x, the customer satisfaction will be )(xg . On the other 
hand, if current value o f the technology capability is ,
and  can be figured according to current TRL, and 
the possibility of technology capability of getting 
value x can be calcu lated by formula (3), so the 
formula of TSM for specific technology is: 

b

a
dxxgxfs )()( (4)

TSM is the customer satisfaction degree to specific 
technology at the end of the development project, 
according to current technology capability value. 
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Fig.2. the types of technology satisfaction distribution function

VII. COMPOSITION OF SYSTEM TSM (STSM)

Provided CoPS development system has several 
TPMs, any of the technology s TSM can be 

represented by is . 

i

i

b

a iii dxxgxfs )()(
(5)

Where i=1, 2, , n 
In order to synthesize each is  into a STSM 

(marked by S), each is  should be given a weight 

(marked by iw ) according to customer preference, 

iw  can be evaluated by Delphi method or analytic
hierarchy process (AHP) method. The System TSM  
formula is: 

n

i
ii wsS

1 (6)

Where: S=STSM, 10 iw , and 
n

i
iw

1
1

VIII. APPLICATION

An aircraft design company is going to develop a
high quality aircraft anti-skid braking system. After 
investigation, they decided adopting the following 
technology, as listed in Table I. They hoped the new 
system will gain advantages on braking distance,
weight and durability over the old system. To assess 
market competit iveness of the product being 
developed, STSM of both systems has been calculated 
for comparison.

Firstly the TPMs and TRLs of the two systems has 
been listed in Table I. Secondly, determine all 
parameters required by STSM calculat ion. Finally 
calculate STSMs of both systems, the result is shown 
as Table II. 

Result shows the STSM of new system is much 
higher than that of the old system. This indicates new 
system will be more competitive than the old system, 
and suggests it is worthy to make strongly support for 
new system development. 

TABLE I
TECHNOLOGY COMPARISON OF NEW SYSTEM AND OLD SYSTEM

Component
New system old system

Technology discipline Design 
domain

Current 
TPM

Current 
TRL Technology Current 

TPM
Current 
TRL

Braking Device Electrical 
Braking mechanic-electronic

Weight
(Kg)
W={0,200}

W=160(Kg) 4 Hydraulic 
brake W=300(Kg) 9

Anti-skid 
controller

Intelligent 
anti-skid 
control

Auto control
Braking 
distance(m)
D={0,80}

D=70(m) 4
Differential 
braking 
control

D=80(m) 9

Brake disk
Powder 
metallurgic 
brake disk

Material

Brake disk 
life(h)
L={1500, L=1500(h) 5

C/C
composite
material

L=1200(h) 9

s

g(x)

xba

s

g(x)

xba

s

g(x)

xba

1

1

1

A) Horizontal

B) Trapezoid

C) Left sloped

c d

c

s

g(x)

xba

1

D) Right sloped

c
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TABLE II
CALCULATING STSMS OF BOTH SYSTEMS

Component Unit
New system Old system

g(x) a b w
TRL TRL

Braking Device W(kg) 160 4 20 300 9 0 Right Trapezoid 0 300 0.3

Anti-skid controller D(m) 70 4 5 80 9 0 Right Trapezoid 0 80 0.4

Brake disk L(h) 1500 5 50 1200 9 0 left Trapezoid 1200 99999 0.3

STSM 0.71 0.56

Note: 1) The value of each  is determined according to TRL and discipline. Because the TRL of old system is 9, so ; 2) To make metrics 
of both systems suitable for comparison, design domain of new system should expand to include the TPM of old system; 3) The actual 
equations of TSM distribution function have not shown in this paper.

IX. CONCLUSION

TSM can dynamically evaluate the technology 
performances, so it often used in the early stage of the 
development to support decision-making. And STSM 
can be a very effective comprehensive metrics to 
understand the overall system technology situation. 
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Abstract - Reconfigurable manufacturing systems (RMS) 
show multiscale characteristics on the granularity of 
reconfiguration. In order to assist manufacturing enterprises 
to appropriately select a reconstruction scale, the 
performance of manufacturing system was transformed into 
signal, which was disposed to be quantitatively expressed. 
On the basis of the characteristics and structure principles, 
the multiscale characteristics of RMS were proposed. Then a 
multiscale intrinsic model was established. The daily 
capacity was chosen as the production performance signal. 
Fourier transformation was used to reveal and 
quantitatively state the relationship between the 
reconfiguration scale and system performance. The model 
was then validated by means of a case-study.

Keywords - Fourier transform, multiscale, production 
performance, reconfigurable manufacturing system 

I. INTRODUCTION

 In the 21st Century, in the circumstance of increasing 
global competit ion, manufacturing enterprises are 
confronting with rap idly changes in market demands [1].

Traditional parad igms, such as dedicated manufacturing 
lines and flexib le manufacturing systems become 
inadequate in meeting the market demands on capacity 
and functionality, giving rise to redundancies and 
deficiencies in productive resources. To keep 
competitiveness in such a global competit ive environment, 
manufacturing enterprises should utilize new 
manufacturing  paradigms, which  are costly effect ive and 
can rapidly respond to requirements. In 1999, the concept 
of reconfigurable manufacturing systems (RMS) was 
firstly proposed systematically by Koren [2, 3]. Recent 
years, reconfigurable machines [4-6], reconfigurable 
manufacturing cells [7-9], and reconfigurable system [10-14]

were widely researched. 
 In this paper, the multiscale  characteristics of RMS 
were described and a mult iscale intrinsic mathemat ical
model was established. Daily capacity, that is able to 
reflect production efficiency, was chosen as the 
production performance signal, so that the analysis 
process is simplified. The production performance signal 
is mathematically  transformed to arrive at the quantitative 
relationship between reconfiguration scales and 
performance changes. The purpose intends to assist 
decision-makers in scales-selecting for reconfiguration. 
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II. PRINCIPLES OF RECONFIGURATION 

 The construction of RMS includes equipment 
selection and distribution. Equipment selection is the 
procedure that matches the process design with the actual 
productive resources. Equipment distribution is the 
procedure that arra s
designed based on the product task and process 
requirements etc. In RMSs, products are grouped into 
families, each of which requires a system configuration 
[15]. When products are in the same family, the whole line 
reconfiguration is not necessary but some adjustments in 
the line will be needed as the products change.  

Producers are primarily concerned about functionality 
and capacity. Generally, the reconfiguration of 
reconfigurable manufacturing tools (RMT) is oriented 
towards functionality, while the reconfiguration of 
production cells is oriented towards capacity. Machining 
precision is a type of functionality, which, in turn, will 
influence on the efficiency of a p roduct line. When RMTs 
fail as regards precision, procedures such as updating or 
replacing the function modules are required. To  improve 
capacity, adding or removing machines to match the new 
throughput requirements and concurrently rebalancing the
system for each configuration, should accomplish the 
system reconfiguration [16]. 

A. Criteria selection 
The high degree of flexib ility of RMS is in terms  of 

its capacity and functionality. With regard to the 
sophistication of RMS, productive function is no longer a 
primary issue, as there are various configurations, which 
could be selected for manufacturing configurable 
machines, which tend to cater for corresponding to 
requirements of processing techniques. The design of 
RMS is driven by external demand, since the aim of RMS 
excogitation is sustaining productive capacity with 
minimal redundancy and the lowest deficiencies. 

Furthermore, productive functionality could be 
conveyed by productivity capacity. On the assumption 
that a current configuration of RMS does not possess the 
capacity for forg ing a particular output, then the capacity 
of the RMS for producing such an end product should be 
considered as being nil. On this basis, productive 
efficiency could evince the effect of the reconstitution and 
profitability of an enterprise, which should be considered 
as a dominant factor for a company, as a norm for 
measuring the performance of RMS productivity.  

In dedicated manufacturing lines, the daily  output of
manufacturing systems is fixed. Based on RMSs, daily 
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production changes, in response to external requirements. 
Regarding a RMS as an integrated item, without 
contemplating internal reconfiguration, the daily 
production could be treated as an index reflecting 

productivity. 
On the assumption that the operational use time of a 

manufacturing system per day is T and the number of 
workp ieces produced during Ti is n, then, the daily 
productivity of the whole system during Ti could be 
calculated as Eq. (1), 

i
i

nTN
T

(1) 

According to economic theory, the external demand 
conforms approximately to the demand curve, which 
could be regarded as reflecting the lifecycle of the 
production. With external the needs augmenting, the 
productivity of RMS, cannot outweigh s the outward 
demand, thus, the consignment could not be completed in 
a specific time and as a result, reconfiguration of the 
system should to be considered. On the assumption that 
the amount of orders in a day i is Qkji and the requirement 
for delivering of the goods is before day j, the quantity of 
production in day m could be reckoned as formula (2), 

0 , 1
kij

m
i m

m j n

Q
R

j i
(2) 

As for RMS, the conceptual reconfiguration should 
achieve producing Ni at time i within  the day m,
fluctuating at, Rm according to the daily demand.  

B. Production performance signal 
On the basis of ignoring intermittent issues (**please 

check this carefully!) during the reconfiguration 
processing, the productive signal of manufacturing 
systems is incessantly changing, which could be regarded 
as a continuous-time signal. During the time domain, 
productivity could be considered as function v(t) to time t,
where the voltage of resistance is R, therefore, the average 
power is: 

21 ( )lim
2

a

aa

v tP dt
a R

(3)  

When electrical resistance equals 1 ohm, the average 
power relates to the signal, as: 

21lim ( )
2

a

aa
P v t dt

a
(4)  

And the power of the signal is: 
2 ( )E v t dt (5) 

signal; if its power is limited, it is called a power signal. A 
cycle of production, which is consistently limited, is a 
time-signal, therefore, in a life cycle of an RMS, the 
mechanical 
is a typical energy signal. If the ideal RMS is deemed to 
have ideal reusability and its life cycle is considered as 
being unlimited, then in ideal RMS life cycle, it  has 

unlimited consistent time-signal. Obviously, Eq. (4) has 
its limit and the RMS has unlimited energy, with limited 
power. The result is that, the productivity signal in whole 
life cycle is a power signal. 

III. MULTISCALE CHARACTERISTIC OF RMS 
BASED ON PARTICLE SIZE 

A. Intrinsic description 
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Cells 
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Fig.1. Characteristics of reconfiguration scale

 The form of RMS presents multiscale features 
regarding time-scale and space-scale, therefore, the 
definit ion of multiscale should be made init ially, when it 
is to be considered. When considering changes in 
different scales after a system has been divided into 
different scale group, in a space-scale, based on different 
granularity, it  is possible to divide it into a system level, 
unit level and machine-tool level (Fig.1). Granularity is 
similar to the concept of granularity and scale in a 
landscape pattern, with the s maller the granularity, the 
more detailed is the research (Fig.2). The object of 
research changes from considering the layout of the p lant, 
to the reconfiguration of reconfigurable manufacturing 
tools (RMT) according, to the operation cluster of a single 
workpiece. 
 Generally speaking, scale is the magnitude of time 
and space but to define scale in RMS in th is manner is 
inappropriate. In a mechanical system, clearly the size of 
machines differs and different  work pieces also have 
numerically level difference. This paper will analyze the 
relationship between RMS of systems, producing units for 
systems and machines for production units. 
 RMS is similar to a level system and therefore, the 
scale involved inclines towards the defin ition of 
organization scale and function scale, in Hierarchy theory. 
At different levels, different sub-systems have different 
functions and have a clear position in the complete system. 
Although they are different from typical time-scales, they 
can be considered as comparable in certain ways. 

Change of amplitude Change of granularity Change of amplitude and granularity  
Fig.2. Diagram of granularity and amplitude 

 In reconfiguration at the machine level, the object  is 
the configuration of the machine tools. The process needs 
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to consider the quantity of similar modules, types of 
module and the relationship of function-to-function and 
module-to-module in each machine. At the unit level, it is 

-
relationship that is important. At the system level, the 

system structure and the like. 
 In practice, it is necessary to reconfigure to RMS by 
using the optimization rule, to choose that part which 
poses the need to reconfigure. The effect to the system is 
shown in the fluctuations of its performance. The  
reconfiguring of the machine tools of a unit should 
improve the performance of the unit, so long as the 

Should improve the operation of the entire system. 
However, If the reconfiguring is relat ively larger, (ex. The 

better), this should bring obvious change to the system, by 
the accumulative effect. 
 The effect has, however, its own limitations. To 
reconfigure a unit at  this time, should, however, 
significantly improve unit productivity. 

B. Multiscale intrinsic model 
 In RMS, the operation relates to work p ieces 
geometric features and forms mapping with them, which 
means that many operations relate to a single feature. An 
operation is similar to a p rocess and if operations can be 
done by the same machine, this is called an operation 
cluster and can be considered as one-to-one relationship 
[7]. To ensure the structure of RMS, it is first necessary to 
design a craft for work pieces and then form an operation 
cluster. It is, then possible to bring order to the process, 
which will ensure the process route. Finally, the structure 
of the RMS is achieved. M, U, S is assumed as the 
structure of the machine, with unit and system, pi as the 
operation cluster i. The process route for producing unit j
is Rj=[pj1, pj2,…,pji], mi as the structure of the machine for 
the operation cluster i, uj as the structure of the producing 
unit j. l(x) represents the information which is position or 
relative position of x . Assuming that the vector of the 
structure of the machine unit is Mj=[mj1, mj2,…, mji] and 
the vector of all producing units is  U=[u1, u2,…, uj]. For 
X=[x1, x2,…, xi], there is L(X)=[l(x1), l(x2),…, l(xi)] and 
thus, the function relationship is: 

:M ji jif p m

1 2: ( , ( ),[ , ... ])U j j j j ji jf M L M n n n u
: ( , ( ))Sf U L U S

 nji represents number of machines in same position in 
unit j.  Only if one exists, then nji =1. Since the RMS is 
changing with time, a function can be formed as: 

( , )ji M jim f p t

1 2( , ( , ),[ ( ), ( )... ( )])j U j j j j jiu f M L M t n t n t n t
 For a system it is: 

( , ( , ))SS F U L U t

 Taking the system output function as  fc, then the C,
the system output is: 

( )cC F S
 If the system is concerned with productivity, then C

he optimal 
goal is to allow the system meet external environmental 
changes. The deterministic variab les would than become 
the RMS machine level, unit level and system structure. 

scale within certain  limitations. As a result, an RMS 
optimization model is: 

min 
0( ) | ( , ) ( , ) |cF S F S t t Q S t , (6) 

s.t. { | }xM M x N , (7) 

{ | }xU U x N , (8) 

{ | }xS S x N . (9) 
 In addition, Q(S,t) represents the outer demand which 
S produced during the period of t. t0 represents the 
response time to the external demand, which shows how 
rapidly  RMS can  react to external demand fluctuations. 
The result is that, the value is smaller than with a 
traditional mechanical system. 

IV. SCALE DECOMPOSITION AND SELECTION 

 The implementation of unit reconfiguration signifies 
re-
only operated as and when necessary, for instance, when 
significantly adjusting the performance of specific 
producing units or when the technicalities of a certain 
workp iece of some products has been substantially altered. 
The influence of reconfiguration of a unit  scale for 
production performance is in terms of time-consumption, 
largeness of scale, which is reflected in the production 
performance signal, as demonstrated in the middle o f the 
signal spectrum generated by unit-level reconstruction for 
production performance. 
 The frequency of system-level reconfiguration for a 
complete system is relatively low, with few operations 
during a lifecycle, this only occurring as regards 
producing cross-product processing or when the existing 
RMS configuration cannot meet the changing of external 
demands. The economic value of reconstruction is 
considerable, in that the cost for reconstruction is lower 
than the opportunity cost for the original production 
configuration. Nonetheless, reconfiguration for the whole 
system tends to incur the highest cost and have the lowest 
frequency. The reconfiguration should, however, be of 
benefit to production capacity and production function. 
With respect to the signal of production performance, the 
changing of system-level reconfiguration tends to be 
displayed in the forepart of the signal spectrum (Fig. 3). 
 With regard to any type of product, during a single 
lifecycle of the product, the longest interval between the 
adjacent effective unit-level reconstruction is Tc and the 
longest interval between the adjacent effective machine-
level reconstruction is  Tr. After every reconfiguration, the 
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object will have its ramp up period and deterioration 
period one after another. Analyzing the graph of the 
production performance signal, it can be presumed 
reasonably that the fluctuation generated by a single 
reconfiguration of RMS corresponds to a half-cycle of the 
sinusoidal signal. The interval T reflecting the frequency 
domain  being = /T. Each scale reconfiguration maps 
frequency domain, in which the different demarcation 
point is c= /Tc and r= /Tr respectively.  

|Fn|

System reconfiguration Cells reconfiguration Machines reconfiguration

 
Fig.3. The tendency of Producing performance signal frequency 

spectrum and the distribution of each scale reconstruction  
 According to the regulated changing scope (the 
difference between the current daily output and daily 

corresponding amplitude of frequency spectrum will be 
|Fn|=k , (k  is a constant). There is a value that 
corresponds to |Fn| in  the frequency spectrum, called  
and to be specific, if < c, system-level reconfiguration 
were to be considered. On the other hand, if  c< < r,
the unit-level reconfiguration should be taken into account, 
moreover, if > r, the machine-level reconfiguration 
must be considered. Furthermore, if the frequency value 

, which corresponds to the amplitude |Fn|, spans 
multip le intervals, then the two forms of reconstruction 
should be considered. In this situation, issues such as cost, 
together with others factors should be took into 
consideration simultaneously, in  terms of a reconstruction 
strategy. 

|Fn|

1=  /T1

|Fn|=k 1

|Fn|=k 2

2=  /T2

1' 1'' 1''' 2'

 
Fig.4. assistance decision-making of reconfiguration scales select ion 
 Fig.4 illustrates the spectrum waveform for a
particular RMS during a lifecycle. Such a wave pattern is 
representative (for instance, obtained from historical 
analysis) as a guiding value for reconstruction for a target 
system. One point to note is that if the periodic signal 
created by the prolongation indicates a single lifecycle, 
then the frequency spectrum tends to be discrete, which 
needs to connect each point as consecutive processing. On 
the contrary, if the analytic point is a full lifecycle, in 

which the wave shape of the frequency spectrum itself is 
continuous, it should be unnecessary for consecutive 
operation. With respect to two different external 
variations 1 and 2, the corresponding amplitudes are 
|Fn|1=k 1 and |Fn|2=k 2. From Fig.4, it can be seen that, 
with the variat ion 1, there are relative frequencies 
designated as 1 , 1 , and 1 , and; with regard to 
variation 2, the relative frequencies are designated as 2.
Based on analyzing the specific interval for the respective 
frequency, as a result, as for variation 1, the 
reconfiguration should be implemented for system-level 
or unit-level structure; as for variation 2, the 
reconfiguration tends to aim at machine-level structure.

V. EXPERIMENT ANALYSIS 

 Because RMS still remains only at the theoretical 
level, there is, as yet no created RMS. Nonetheless, by 
using the method this paper recommends to analyse data 
from a mechanical system, it can, theoretical at least, give 
a possible indication t
Assuming production data for 100 days and taking every 
4 hours as a unit to analyse daily production Ni in the i th 
4 hours, which includes 600 samples  (TABLE I). 

TABLE I 
 PRODUCTION DATUM OF ONE ENTERPRISE 

Number t (hours)/4 Daily output Ni

1 1.00 3.12
2 2.00 4.57
3 3.00 5.67
4 4.00 5.65

599 596.02 11.35
600 597.01 10.57
601 600.99 7.25
602 602.01 4.30

 The results of the example taken as sample are in 
accordance with the initial predict ion. It is still possible; 
however, to establish if there is a significant scale effect 
from Low frequency reconfiguration on production 
capacity and that, then bigger range, the greater are the 
changes. With changes from 0 to 10, this means that the 
company has little unit  RMS but machine-level RMS are 
not included in those of the system. In a tradit ional system, 
the adjustment of machines can be regarded as machine-
level reconfigurat ion. The reconfiguration of the layout of 
manufacturing p lant can be regarded as unit-level RMS 
because the structure of a production line is fixed and the 
company wills adjustment to combine machine tool and 
CNC, in an effort to improve productivity. Th is outcome 
totally different from a typical one because it has no 
reconfigurable and scalable features, which makes 
reconfiguration of the layout of mechanical plant more 
difficult. To sum up, Fig.6
and proves Fourier transform as being available for RMS. 
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 The production ability signal in 100 days is shown as 
Fig.5: 

Fig.5. Production performance signal 
 After Fourier transformation by  infrared, it is shown 
as Fig.6: 

Fig.6. Spectrum curve of production performance signal 

VI. CONCLUSION 

 This paper analyses the theory and process of RMS. It 

of the production capacity of RMS and it  collects 
production data regarding a productivity signal. By doing 
this, a spectrogram is created, which can reflect the 
rel
range. In addition, Fourier transform infrared has been 
proved to be useful in connection with the productivity 
signal of RMS and provide a simple way to assist a 
company to reconfigure range. It is also helps to make the 
collect and analyse of different ranges easier and it forms 
a sound basis for a multiscale model of RMS. 
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Benefiting from Supplier Supply Network Position: The Manufacturer 
Perspective
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Abstract - The position of a supplier in the supply 
network is emerging as one of the important aspects of 
supplier management, but the role of managing supplier 
supply network position in improving the performance of 
manufacturers still remains unclear. This paper examines 
the impact of supplier supply network position on 
manufacturer performance and stresses the mediating role 
of supplier capability and supplier performance. Using 
structural equation modeling (SEM), this paper empirically 
tests a number of hypothesized relationship based on the 
data collected from 228 Chinese manufacturers. Results 
indicate that supplier supply network position does not have 
any significant direct effects on manufacturer performance, 
moreover, supplier capability and supplier performance 
plays a fully mediating role between supplier network 
position and manufacture purchasing performance.

Keywords - Manufacturer performance, supplier 
capability, supplier performance, supply network position

I. INTRODUCTION
In business environment, reliance on supplier 

for manufacturing and innovation has become 
commonplace, the position of a supplier in supply 
network is emerg ing as one of important aspects of 
supplier management. In a supply network, supplier 
network position is defined as the outcome of the 
interaction relationships between a supplier and other 
actors, and then a supplier with the superior position in a 
supply network has more opportunities to learn  from 
other actors and can access a large number of
heterogeneous knowledge and information[1]. The 
network position also shapes the competitive priorities of 
a supplier and translates into resource advantage and 
capabilit ies. Thus a supplier with the superior position in 
a supply network can  be expected to help its
manufacturers obtain novel informat ion and develop 
realistic marketing strategies [2,3].

Although existing researches have been realized that 
any supplier is embedded in a wide supply network, and 
suggested that the manufacturer should manage its 
suppliers in their structural network context, since the 
network surrounding of a supplier can affect the 
manufacturers' business decisions, behavioral choices, 
and economic outcomes[3,4]. While current researches on 
supplier network position emphasized indiv idual itself as 
the research object and focused on the relationship 
between supply network position and innovation 
performance, the benefits of supplier network position 
and its role in improving the performance of 
manufacturers remain poorly understood.

Thus, this study addresses the research questions: 

Does the supplier supply network position influence the 
performance of manufacturers? And if so, what's the 
mechanis m? This remainder of this study is structured as 
follows. Section 2 reviews the theoretical background of 
this study. This is followed by the development of 
hypotheses. Next , we describe the research methodology 
and present the results. Finally, the last section draws 
some conclusions and suggestions for future research.

II. LITERATURE REVIEW AND HYPOTHESES

A. Supplier supply network position and manufacturer
performance

Network position, a key variable of social network 
analysis, is the result of the interaction relat ionships 
between the actors in the network. With the deepening of 
the network research, scholars found that the various 
behavioral attributes of an actor, such as resource 
acquisition, strategy choice and innovation, can be 
interpreted as the function of its network position. The 
network position of an actor represents different 
opportunities to gain access to network resources and 
learn from other actors in the network, which plays an 
important role in operation and innovation of itself and 
partner firms.

Supplier supply network position refers to the 
structural position of a supplier in its supply network; it 

that relates to 
other actors in network, and represents the opportunities 
and capabilities to obtain network resources. The effect of 
supplier supply network position on the performance of 
manufacturers is main ly manifested in the following two 
aspects: First, a  superior position in a supply network 
promotes supplier knowledge base and absorptive 
capacity, then creating favourable conditions to satisfy the 
diversificat ion demands of process improvement and new 
product development of manufacturers. Second, a
supplier with the superior position could transfer network 
resources to manufacturers through the close 
manufacturer-supplier relationship, manufacturers can 
recognize the potential market opportunities or threats and 
review the competitiveness level of existing products and 
production technology so that they can promote product 
improvement and improve operational and innovation 
performance accordingly. Research hypotheses based on 
the above analysis:

H1. The supply network position of a supplier has a 
significant positive effect on the performance o f 
manufacturers.
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B. Mediating role of supplier performance
A superior position can bring the abundant network 

resources to suppliers, but how to directly use suppliers
network resources is difficult for manufacturers . Studies 
have showed that the contribution that a supplier made to 
manufacturers depends on its deliverables supplier 
performance, which  is achieved by the integration of 
internal and external network resources of supplier. 
Supplier performance means whether a supplier is able to 
dispatch products with the agreed quality, cost, flexib ility
and innovation on time. As the initially external input, 
supplier product attributes and service performance will 
affect the final output performance of manufacturer[5,6],
meanwhile, existing network research showed that a 
supplier with the superior position in  a supply network 
could have opportunities to learn from other actors and 
gain access to new knowledge, which helped supplier
provide the manufacturers with satisfying performance 
for a long time[7,8]. Research hypotheses based on the 
above analysis:

H2. Supplier performance plays a mediat ing role in 
the relationship between supplier supply network position
and manufacturer performance.

C. Mediating role of supplier capability
Supplier capability refers to  the supplier

make use of its resources to meet the demands and 
business goals of manufacturers. From the perspective of 
the capability-based theory, supplier capability is a key 
factor to support its future business development and 
promote the improvement of manufacturer performance. 
There is the fact that different supplier capabilities can 
lead to different performance results [9], and directly o r
indirectly  affect  manufacturer performance[10]. Only 
when having expert ise, technical skills and knowledge 
resources can a supplier create unique competitive 
advantage in terms of R&D, production, network 
relationship and strategic capabilities , and launch more 
innovative, cheaper products than its competitors. In 
addition, manufacturers would arouse interest in 
collaborating with suppliers that do possess superior
capabilit ies in order to capitalize on such supplier 
capabilit ies, avoid the inherent risks that are associated 
with partnering with incapable supplier, and create 
collaboration performance.

At the same time, supplier supply network position 
correlates significantly with supplier capabilit ies. A 
superior position is beneficial to strengthen the possibility 
of supplier learning and promote the effective integration 
between internal and external resources of supplier in 
order to realize supplier technical innovation and products 
upgrades, and improve the capabilit ies to meet the various 
demands of manufacturers. Research hypotheses based on 
the above analysis:

H3a. Supplier capability plays a mediating role in 
the relationship between supplier supply network position 
and supplier performance.

H3b. Supplier capability plays a mediating ro le in 
the relationship between supplier supply network position 

and manufacturer performance.

III. METHODOLOGY

A. Sample and data collection
To test the hypotheses on a broad empirical basis, we 

surveyed a cross-sectional sample of manufacturing firms
located in China by means of face-to-face, onsite 
interviews and mail survey. A total of 276 questionnaires 
were filled out, and 48 were returned as nondeliverable, 
leading to an effective respond rate of 82.6%.

B. Variable definitions and measurement
All constructs for measuring independent and 

dependent variables were developed on the basis of 
previous literatures. The construct of supplier supply 
network position (SSNP) was designed to consider 
supplier extended supply network (which companies the 
supplier is connected to and how the connected 
companies fare in their own business) and how a supplier 
was embedded in its supply network. Based on the work 
by Choi and Kim[3], Gilsing et al.[11], Tsai et al.[12], Kim[13],
the SSNP scale measuring used the five reflective items. 
Supplier capability (SC) scale was adapted from the prior 
research of Scheer et al.[14]. In this study, two items 
assessed 
the other two items measured supplier capabilities in 
product improvement and new product design, the 
remain ing two items evaluated the supplier capabilities to 
improve interaction quality and problem solving with the 
manufacturer through effective communication. The 
supplier performance (SP) scale was based on Ziggers 
and Henseler[15] Carter[16] and Shin et al. [17], using the 
five reflective items. The manufacturer performance (MP) 
scale measuring used five items from Azadegan[18]. All 
items were presented on 5-point Likert scales from 1= 
strongly disagree to 5= strongly agree.

C. Scale reliability and validity
TABLE I

DESCRIPTIVE STATITICS AND CORRELATIONM ATRIX (N=228)
Variable 1 2 3 4

SSNP (0.792)
SC 0.234** (0.784)
SP 0.355** 0.311** (0.721)
MP 0.325** 0.360** 0.627** (0.718)

Mean 4.0794 3.9250 4.0969 4.0676
S.D. 0.51175 0.58921 0.54743 0.43859

*significant at 0.05 level; **significant at 0.01 level.
( ) values on the diagonal are the square-root of AVE. 

This paper used and composite 
reliability (CR) to examine the reliab ility of each variable .

between 0.804 and 0.888 and CR values between 0.8087
and 0.8932 for the subscales. We applied confirmatory 
factors analysis to evaluate the validity of the constructs. 
The overall fit of measured model was good 
( 2 =1.3505;  GFI=0.952; CFI=0.990; RMSEA =0.042),
and the average variance ext racted (AVE) for each 
variable value was above 0.5, indicating that all 
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constructs have good convergent validity. Discriminant
validity was supported as showed in TABLE I, all of the 
square root of AVE for each  latent factor exceeded the 
respective correlation between factors. These results
suggested that all measures exhibit satisfactory validity 
and can be used for hypothesis testing.

D. Statistical analysis 
According to data in questionnaire survey, we tested 

our hypotheses based on structural equation modeling.
The final model fitting was adequately supported. The 

2 0.948, 
both indices indicate an acceptable fit to the data. The 
RMSEA value of 0.043 at p  < 0.05 indicates that the final 
model cannot be rejected at a h igh level of confidence. 
Furthermore other essential indices, such as CFI (0.979)
and IFI (0.980), provide strong evidence that the fit 
between the structural model and the data is acceptable.

As depicted in TABLE II, the test results suggested 
that all hypotheses are supported. Supplier supply 
network position has not directly effect on performance of 
manufacturer
effect generated by supplier capability  and supplier 
performance is supporting, the value of indirect effects 
was 0.3353(0.328×0.740+0.399×0.232), the results 
support H1, H2 and H3b. Furthermore, supplier capability
also plays a mediating ro le in the relat ionship between 
supplier supply network position and supplier 
performance, the mediat ing effect intensity was 0.102 
(0.399×0.256), the result supports H3a.

TABLE II 
RESULTS OF HYPOTHESIS TESTING

Standardized
parameter estimate( S.E. C.R. P

0.328 0.143 3.599 ***
0.399 0.170 4.448 ***
0.025 0.095 0.337 0.736
0.256 0.080 2.656 0.008
0.232 0.055 2.798 0.005
0.740 0.079 7.533 ***

IV. RESULTS AND DISCUSSION

This study contributes to the existing literature on 
supplier management by investigating the impact of 
supplier supply network position on manufacturer
performance and the mediating role of supplier capability 
and supplier perfo rmance. The research results show that 
supplier supply network position has a significant positive 
effect on manufacturer performance, meanwhile supplier 
capability and supplier performance p lay a fully
mediating effect. Moreover, the supplier capability also 
plays a partial mediating role in the relationship between 
supplier supply network position and supplier 
performance.

There are two categories of managerial implicat ions: 
First, this study tells managers that when evaluating 
suppliers, investigating supplier supply network position 
is generally beneficial, since a supplier s behaviors and 
performance depend on how it environs itself with other 

companies, especially its key suppliers and customers. 
Second, manufacturers should develop network 
awareness capability to identify their key suppliers
supply network position, to evaluate the informat ional 
and reputational values of the position, and to increase the 
level of integration between  itself and supplier supply 
network.

The limitations should be acknowledged for future 
research. First, the questionnaire survey-based studies 
traditionally suffer from common method bias. Moreover, 
Sample data was collected from the manufacturers, it 
ignores supplier perspective. Finally, we empirically 
demonstrated that choosing a supplier who occupied a
superior position in supply network is beneficial to 
improving manufacturer performance, but what specific 
managing practice that can promote this effect is still need 
for further exp lorat ion. Future research can probe into 
these issues.
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APPENDIX: KEY VARIABLES AND MEASURE

Supplier supply network position
(Cronbach's 0.888; CR= 0.8932; AVE=0.6267)
SSNP1 suppliers who connected with our supplier fare in 
good condition.
SSNP2 customers who connected with our supplier fare 
in good condition.
SSNP3 our supplier interacts with its partner firms in 
supply network in high frequency.
SSNP4 the cooperation between our firm and other 
companies who are embedded in our supplier s supply 
network is brokered by our supplier.
SSNP5 Supply network ties generate significant 
influences on our supplier behaviors.
Supplier capability
(Cronbach's 0.827; CR=0.8269; AVE=0.6142)
SC1
SC2 this supplier rarely delivers incorrect products .
SC3 this supplier could  improve the features of its 
products our firm purchases each year.
SC4 this supplier could develop new technologies that 
enhance its products sourced by our firm.
SC5 this supplier could communicate with our firm
effectively.
SC6 this supplier could timely provide our firm with 
information regarding problems it encounters.
Supplier performance
(Cronbach's 0.838; CR=0.8420; AVE=0.5199)
SP1 compared with other suppliers , this supplier s
product cost performance is competitive.
SP2 compared with other suppliers , this supplier
product quality is higher.

Benefiting from Supplier Supply Network Position: The Manufacturer Perspective 73



SP3 compared with other suppliers , this supplier delivers 
on time.
SP4 compared with other suppliers , this supplier s
scheduling is flexible.
SP5 compared with other suppliers , this supplier s
product is novel.
Manufacturer performance
(Cronbach's 0.804; CR=0.8087; AVE=0.516)
MP1 using this supplier has enhanced our ability in 
reaching internal manufacturing cost reduction goal.
MP2 using this supplier has enhanced our ability in 
reaching defect rate reduction goals.
MP3 using this supplier has enhanced our ability in 
reaching delivery speed and reliability improvement 
goals.
MP4 using this supplier has enhanced our ability in 
responding to customization requests.
MP5 using this supplier has enhanced our ability in new 
product introduction time reduction goals.
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Abstract - At present the most important of our national 
strategy is to deepen the reform of science and technology, to 
promote the closer integration of technology and economy 
and to accelerate the construction of the national innovation 
system, which is combined of enterprises, market and 
Industry-University-Research Cooperation. Our research on 
the Cooperation started late and there was only a little help 
to enhance China's comprehensive strength by the 
cooperation. Many factors are affecting the research results. 
This paper collects some mainly factors that affect the 
operation of the cooperation system by actual convey and 
analysis them by IMS, which provide the theoretical basis 
for the development of Industry-University-Research 
Cooperation. Cooperative system consists of subsystems of 
willingness to cooperate, cooperate resource subsystem and 
environment subsystems. The three subsystems work 
together to influence the development of the Industry-
University-Research Cooperation system. 

Keywords - Factors, Industry-University-Research 
Cooperation, SIM 

I. INTRODUCTION 

 Industry-University-Research Cooperation is an 
important component of the national innovation system. It 
is the key of the leading industry and strategic emerging 
industry in the country's overall development. But our 
country’s cooperation has been in a low level over the 
years. There are many factors, interaction and mutual 
influence between them are complex. These factors form 
a more complex system. Chunhua Feng and others study 
from the cooperation and innovation and then to establish 
a Industry-University-Research Cooperation Theory 
which proposed by the government [1]; Xiaoli Guo think 
that it can improve our Industry-University-Research 
Cooperation by increasing corporate dominance and 
market leading through the combination study on the 
status and success of Japan. This makes a great 
contribution to our country [2]. But there is still no one 
summarize all of the factors together that may affect 
cooperation to analyze the relationship between each 
other systematic. This paper determines the impact factors 
of cooperation in accordance with the actual situation of 
China's Industry-University-Research Cooperation first, 
analyzes the influencing factors essentially by 
Interpretative Structural Model Method and then tries to 
find more effective measures to promote Industry-
University-Research Cooperation 

II. THE ANALYSIS OF COOPERATIVE 
INFLUENCING FACTORS 

 Xiaoyun Tang analyze the Industry-University-
Research Cooperation on Macro perspective, he got five 

factors that risk investment mechanism is imperfect, the 
services of agency is imperfect, the necessary policies and 
regulations are not perfect, the conversion rate of research 
and development results need to be further improved, the 
lacks of governmental appropriate guidance and support 
and defined them as external factors of the Industry-
University-Research Cooperation [3]. The lacks of research 
capacity of partners, cannot find a suitable partner, 
partners lack of integrity, the market value of R & D 
results are not high, lacks of the motivation and energy of 
cooperation. These five major factors are related to the 
participants of the Industry-University-Research 
Cooperation are named their own factors. The low level 
of cooperation, lack of technology transfer personnel, lack 
of equipment and funds, coordination and monitoring 
mechanisms, operating mechanism are imperfect, benefit 
distribution mechanisms are inadequate, unclear 
ownership of scientific and technological achievements, 
the lack of a platform for exchange, information of 
cooperation does not flow, these eight factors are common 
factors on both sides.  
 Azagra-Caro, Archontakis analyzed the influence of 
absorptive capacity of the region to the level of the 
Industry-University-Research Cooperation [4]. GDzisah 
and Etzkowitz analyzed the constraints of the cooperation 
by the "triple helix" theoretical, derived that the 
importance of industry and universities have become 
increasingly prominent, innovation policy is becoming 
results of the interaction, the role of the institutional 
environment is not obviously [5]. Hemphill and Vonotars, 
Judithsutz got that transaction savings and strategic 
motives are the main factors contributing to the Industry-
University-Research Cooperation through opportunist 
theory [6]. Geisler also pointed out that the ideal 
willingness to cooperate, mutual trust and the 
psychological contract and previous history of 
cooperation, the degree of communication between 
partners, communication range, will influence the 
occurrence of cooperation [7].

Zhong Ling, Wang Zhanwu noted factors that 
restricting China research cooperation including research 
system is not perfect, the shortage of industrial capital 
markets combined with low college degree, intermediaries 
underdevelopment, poor flow of information, the 
promotion of science and technology talent shortage, 
imperfect scientific evaluation system [8]. Kong Yiping 
multiple regression model with SPSS software for 
analysis, and got that the research and development 
capabilities, size of the business, the technical 
characteristics of cooperation with the government 
policies have a direct impact on mode selection of the 
Industry-University-Research Cooperation [9]. Cui Xu, 
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Xing Li’s survey showed the top three factors that affect 
the cooperation and got  uneven distribution of rights and 
interests  for 74.7%, technology is not mature enough for 
36.8% decision management uncoordinated for 31.2% [10].

Fan Xia studied from the requirements of business 
cooperation threshold, by using of thresholds based on 
panel data regression model to make a conclusion that the 
company's own research capacity has a direct impact on 
the cooperation, which shows that companies with 
different sizes and different strategic intent have different 
influence on cooperation [11].

Scholars studied theoretical and empirical aspects of 
factors and draw some common conclusions that 
government support and relevant policies formulation, the 
main motivation for the cooperation parties and the 
organizational structure of cooperation have become 
important factors which would restrict the Industry-
University-Research Cooperation. For information flow, 
capital investment, lack of talent, the impact of moral 
hazard, the distribution of benefits and other factors will 
have to be determined according to the actual situation [12-

13].
TABLE I

THE RELATIONAL MODEL OF COOPERATION 

Industry-University-
Research Cooperation 

The success rate of Industry-University-Research Cooperation S1  

Willingness to cooperate Dummy variables and intrinsic motivation of cooperation S2 1 
Cooperation resources Basis of cooperation, including available resources come from  companies and universities S3 1 

Cooperation  Environment Cooperative external environment, factors except for the two co-main, including government 
support, and environmental markets 

S4 1 

Venture Capital A form of obtaining funds from the market. It can reduce the investment burden on the parties, 
and help to improve the cooperation willingness between the two sides. 

S5 3,20 

Transaction savings and 
strategic support policies 

Cooperation in line with the concept of savings and compliance with national policy. This 
belongs to the cooperation environment  

S6 4 

Cooperative credit It is dummy variable, namely the mutual cooperation relations. It has a direct impact on their 
willingness to cooperate 

S7 12 

Corporate research capacity Ability of enterprises of their own research S8 2,21 
Research Capacity Research capacity of universities that can make a contribution to the cooperation S9 2,14,21
Development of cooperative  That is now a platform for cooperation. It can provide more convenience and security to the 

cooperation and increase willingness to cooperation between the two sides 
S10 4,5 

Government investment It is also a part of the environment, which can increase sense of innovation and obtained money 
for universities, as well as improve the agents 

S11 3,8,9,10 

The level of cooperation The level of cooperation between the two sides can use the advanced projects, complexity 
degree and time of cooperation to express 

S12 2 

History of cooperation Due to historical cooperation partner of choice to produce subjective preferences S13 7 
Combination degree of 
universities and market 

The knowledge of the needed content of research in the market. S14 22 

Corporate strategic intent Enterprise's strategic intent is means  that whether the cooperative enterprise views technology 
innovation as the main productive forces, which will affect the level of cooperation between the 
two sides as well as their willingness to cooperate enterprises 

S15 2,12,17 

Market demand for high-
tech products 

Belonging to the external environmental factors, and the potential for development of the market 
research results. It is the main driver of corporate willingness to cooperate 

S16 2,4,14,22,21

Enterprises investment  Research funding invested by enterprises for cooperation S17 3 
Scientific concept of 
researchers 

Whether researchers are trying to achievements in industry or completing the paper work and 
others 

S18 2,12,21,22 

The number of papers 
published and patent 
applications 

The number of papers published and the high level of university patents published  S19 3,5,9,11 

Interest distribution 
mechanism 

Gain or loss sharing mechanism between universities and enterprises S20 2 

Characteristics of scientific 
content

High level of cooperation content between enterprises and universities S21 12,22 

High-tech industry index The proportion of marke earnings that the scientific research transformed into practical products  S22 3, 
Domestic GDP China's GDP, reflecting the overall economic situation of China and the desire for technological 

innovation 
S23 5,11,16 

Direct benefits of 
cooperation to bring 
researchers 

Through effective collaboration to increased revenue, which will increase the transformation 
idea of scientific research 

S24 18 

The current situation of our country is based on, from 
the perspective of cooperation to analyze and extract 
factors that influence the Industry-University-Research 
Cooperation. From the general sense of sociological sense, 
cooperation is an activity to achieve a common purpose 
between individuals, groups and communities, a mutually 

supporting each other "joint action". Successful 
cooperation basic conditions are include: a common goal; 
unified understanding and norms; mutual trust and 
cooperative atmosphere; co-existence and development of 
certain material basis [14]. Firstly extracting factors from 
the goal of this basic condition: willingness to cooperate, 
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cooperation model, cooperative goals, benefit distribution 
mechanisms, knowledge protection force, the flow of 
information flow and cooperation historical researchers. 
Second factor extracted from the material basis for 
cooperation: research capacity of enterprises, research 
capacity of colleges, universities and patent number of 
published papers, funding, benefit distribution 
mechanisms, scientific evaluation system, research ideas, 
technical cooperation project features, which funds 
invested sources include investment government, 
investment companies, venture capital on community. 
Lastly factor extracted from the environment for 
cooperation: government environmental policy, 
cooperation credit, development and research alliance, 
college degree combined with the market, the transaction 
savings and strategic motives, supervision and operation 
mechanism, history of cooperation, GDP. The interaction 
between them as shown in the Table I. 

III. THE STRUCTURE MODEL OF RESEARCH 
SYSTEM IS AS FOLLOWS 

For the relationship between the above factors, we 
calculated and processed by the model of SIM [15], finally 
got the hierarchical relationship between them as shown 
in Fig.1. 

Fig.1. Progressive Struvture of Research Cooperation 

IV. CONCLUSION 

The analysis of the SIM result of the Industry-
University-Research Cooperation: 

Our goal of studying this system is to improve the 
efficiency of Industry-University-Research Cooperation. 
Based on the goal, there 22 influencing factors for this 
cooperative System, in the 22 factors, source conservation 
and policy of strategic support factors as external factors, 
and the rest 21 factors that constitute the three subsystems: 
subsystem of willingness to cooperate, collaborate 
resource subsystem and cooperate environmental 
subsystem, factors affect the system goals by the  three 
subsystems.     

1. Industry-University-Research Cooperation is 
affected directly by the willingness to cooperate, 
cooperation resources, cooperation environment. Other 
factors also affect the operation of the system by the three 
factors.

2. Assuming the state's policy is unchanged on T time, 
then the initial national policy on research cooperation 
would have a direct impact on the entire system in a long 
time, so the initial policy of the state is critical. So the 
policies made by relevant state departments must be 
combined with the actual situation, and the government 
must play a guiding role on the Industry-University-
Research Cooperation 

3. Cooperative alliances throughout the system have 
played a very important role in convergence. We can see 
the development of research alliance is a key part of the 
internal and external research cooperation will be linked 
together. So the emphasis on the development of research 
alliance is an important means to promote research 
cooperation. Especially in our country, because of the 
strength of the relatively large gap between research 
institutions, subject to geographical affect and influenced 
by the level of cooperation and co-habit with the impact 
of the previous form of cooperation obviously. Over the 
past few years, our study has improved the market 
conversion rate of our research, and brought great 
economic benefits. So it is necessary to increase 
government investment in research to improve the 
development platform and research alliances. 

4. The main source of funding is government 
investment, venture capital, business investment. Venture 
capital funds mainly depends on the community, so the 
government's responsibility to play a good guide, business 
as the main role of research cooperation should increase 
investment in the cooperation. 
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Abstract - This paper analyzed supply chain network 
optimization problem with the grey uncertainty of customer 
demand information, and established its mathematical 
models by grey system method. Then, an improved artificial 
fish swarm algorithm was put forward to solve the models 
based on binary encoding. Finally, the paper testified the 
effectiveness of the models and algorithm by using dynamic 
particle swarm optimization algorithm to solve the same 
calculation examples. 

Keywords - Equal weight whitenization, grey 
uncertainty demand, improved artificial fish swarm 
algorithm, supply chain network optimization 

I. INTRODUCTION 
 With the economic g lobalizat ion, the competition 
between enterprises turns to be more severe and the 
demand of customers varies from minute to minute. 
Under the volatile environment, how to reasonably plan 
supply chain network has become a hot topic in  
optimization management of supply chain system [1]. Grey 
system method is effective to tackle uncertain issues with 
inadequate sample data, poor informat ion and shortage of 
cognitive experience [2, 3]. Therefore, this paper used the 
method of grey system in co mbination with art ificial fish 
swarm algorithm, to study and solve the optimization of 
supply chain network with uncertainty of customer 
demand information as follows. 

II. MATHEMATICAL MODEL ESTABLISHMENT OF 
SUPPLY CHAIN NETWORK OPTIMIZATION 

PROBLEM WITH GREY UNCERTAINTY DEMAND  

A. Description of Problem 

 There is a four-stage supply chain network, which 
consists of M material vendors, N manufacturers, K 
distribution centers and L sales centers. The customer 
demand in each sales center is uncertain due to the variety 
of market competition. But historical data indicates that
its demand information follows certain interval g rey 
number distribution generally. Now, it requires to select 
some material vendors, manufacturers and distribution 
centers from the supply chain nodes , and meantime 
properly arrange their logistic  relationship to accomplish 
the supply task at minimum cost. 

B. Settings of Parameter 

 IDs fo r material vendor, manufacturer, distribution 
centers and sales centers are set as m , n , k  and l

respectively. Set Raw material ID as  i , and product ID as 
j . imna  is unit  price of raw material i  purchased by 

manufacturer n  from material vendor m ; jnkb  is unit 

freight of product j  from manufacturer n  to distribution  

center k ; jklc  is unit freight of product j  from 

distribution center k  to sales center l ; 1
me  is maximum 

quantity of raw material provided by material vendor m ;
2
ne  is maximum quantity of product produced by 

manufacturer n ; 3
ke  is maximum amount of product 

distribution of distribution center k ; nf  is fixed fees for 

the establishment and running of manufacturer n ; kr  is  
fixed fees for the establishment and running of 
distribution center k ; 1

jng  is unit production cost of 

product j  produced by manufacturer n ; 2
jkg is unit  

distribution cost of product j  for d istribution center k ;

ijh  is quantity of raw material i  in need to manufacture

product j  per unit; P  is maximum permissible quantity 
of manufacturers; Q  is maximum permissible quantity of 

distribution centers; ( )jld  is the grey quantity of 

product j  demanded by sales center l , and its grey  

number interval is [ , ]jl jld d . 

C. Settings of Decision-making Variables 

nw : 0-1 variab le, 1 denotes manufacturer n  is 

selected, 0 is not; ks : 0-1 variab le, 1 denotes distribution 

centre k  is selected, 0 is not; imnx : quantity of raw 
material i  purchased by manufacturer n  from material 
vendor m ; jnky : quantity of product j  delivered from 

manufacturer n  to distribution centre k ; jklz : quantity  

of product j  delivered from d istribution centre k  to sales 
centre l . 

D. Establishment of Mathematical Model 

Target function: 
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imn , , 0 , , , , ,jnk jklx y z i m n j k l                (10) 

, 0,1 ,n kw s n k                                       (11) 
In above models, formula (1) is target function,

which ensures the minimum total cost of manufacturing 
and distribution in the supply chain network, and 
formulas (2)-(11) are the capacity constraints. 

E. Whitening of Grey Parameter and Transformation of
Mathematical Model 

The grey variable  ( )jld  in the original 

mathematical formula (9) makes the constraint condition 
unclear and the original model unresolved. Generally, for 
a certain interval grey number ][ b,a , its whitening 

value could be assigned as 1a ba , where 

]10[ ,  is position coefficient  [4]. If the d istribution 
informat ion for the value of interval grey  number is 
inadequate, it is usually whitened with equal weighted 
index, where the positioning coefficient 1/2 [5]. 
Accordingly, ( )jld  in the o rig inal model could be 

whitened with the function in formula (12). By the same 
token, the original fo rmula (9) could be transformed into 
formula (13). 

( ) ( ) / 2jl jl jld d d                                                  (12) 

1

( ) / 2 ,
K

jkl jl jl
k

z d d j l                              (13) 

III. IMPROVED ARTIFICIAL FISH SWARM 
ALGORITHM AND ITS SOLVING PROCEDURE

A. Principle of Artificial Fish Swarm Algorithm 

Artificial fish swarm algorithm (AFSA) is a kind of 
evolutionary computation technology based on swarm 
intelligence with the advantage of simple concept, eas y
implication, good robustness and high speed in finding 
the optimized solution [6, 7]. It has been widely applied in  
solving combinational optimization problem.  

B. Encoding and Solving Procedure of Improved AFSA 

AFSA, which is continuous intelligent algorithm, 
could not solve the discrete-type combinational 
optimization model. Therefore , this paper proposed an 
improved artificial fish swarm algorithm (IAFSA) based 
on binary encoding method [8], which  encoded the 
individual artificial fish discretely. Hence, behaviors of 
artificial fish, which include following behavior, 
swarming behavior, preying behavior and random 
behavior, are selected in accordance with fitness 
evaluation of objective function. The problem will be 
solved after repeated iterat ive operation and rep lacement 
of bullet in with best state of artificial fish. The general 
solving procedure is as follows: 

Step 1 Set parameters of AFSA, for details see [6];
Step 2 Define position vector 1 2 Nx= [x ,x , ,x ,N,x ,N

N+1 N+Kx , ,x ]N+K,x ]N+K  for individual art ificial fish. Function 
RAND is us
position vector; 

Step 3 Fuzzy function SIGMOID and random 
function RAND are employed for binary encoding of 
artificial fish, as shown in formula (14) and (15); 

1
sigmoid

1 exp ( )
x

x
                                      (14) 

0, rand sigmoid ( )

1,
i

i

if x
y

otherwise
                                  (15)

Step 4 Let  i iw y , j N js y . imnx , jnky  and 

jklz could be calculated by simplex algorithm. Having 
them substituted into objective function f(x), we could 
obtain the init ial position of every art ificial fish ( , ( ))x f x .
The best position state of every artificial fish 
( ( )),best bestx f x is selected as the initial one in the bulletin. 

Step 5 the operations on each artificial fish: 
(1) Following behavior: Let ( )ix  denotes the 

artificial fish i current position. Its neighborhood area 
within  perceptive scope is exp lored for the best 
neighboring position ( )

best

jx . If ( )( )if x > ( )( )
best

jf x  and the 

number of companions within  ( )
best

jx  area nof/N< , let 
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( ) ( ) ( ) ( ) ( ) ( )( ) ( ) / ( )
best best

i i j i j iRandom Step x xx x x x

and update state with ( ) ( )( , ( ))i ifx x . Thus, fo llowing  
behavior succeeds, and turn to step 6. Otherwise, the 
behavior fails and turns to (2) for swarming behavior. 

(2) Swarming Behavior: Set nof as the number of 
companions with in ( )ix  area. If nof/N < and ( )( )if x > 

( )cf x , let ( ) ( ) ( ) ( )( ) ( ) / ( )i i i i
c cRandom Step x xx x x x .

Thus, swarming behavior succeeds and the state will be 
updated. Otherwise, swarming behavior fails and turns to 
(3) for preying behavior. 

(3) Prey ing Behavior: A position state ( )
new

ix  is 

selected randomly within  the perceptive scope of ( )ix . If 
( )( )if x > ( )( )

new

ixf  holds, let ( ) ( ) ( )i i Random Stepx x
( ) ( ) ( ) ( )( )( ) /
new new

i i i ix xx x . Thus, preying behavior 

succeeds and the state will be updated. Turn to step 6.  
Otherwise, select another position state randomly for 
preying. If artificial fish could not prey successfully after 

_Try num  times of trial, turn to (4) for random behavior. 
(4) Random Behavior: the artificial fish chooses a 

position randomly  within the v isual range and move to 
this new position newx . If ( )( ) ( )i

newf f xx  holds, let  
( ) ( ) ( ) ( )( ) ( ) / ( )i i i i

new newx xRandom Stepx x x x
and the state is updated. 

Step 6 Compare the current state of artificial fish 
with the one on the bu llet in. If its current state is better, 
update the bulletin. 

Step 7 If the iterat ion times has reached the 
maximum limit ITmax, end the iteration. Otherwise, turn 
to step 3. 

IV. EXPERIMENT OF CALCULATION EXAMPLES 

A. Example Description 
The data in this example is cited from [9]. Suppose 

there are 3 material vendors, five candidate manufactures, 
five candidate d istribution centers and four sale centers in  
the supply chain network, which mainly undertakes to 
manufacturer, distribute and sell two products A and B.
Product A is made by raw material C and D in  proportion 
of 2:1. Product B is made by raw material C and D in  
proportion of 1:1. Due to market fluctuation, the demands 
of products from sales centers are grey variables, whose 
grey demand interval is shown in Table I. Capacity 
constraint and fixed cost of each material vendor, 
manufacturer, distribution center and sales center is 
shown in Table II. Running cost between each node in the 
supply chain network is shown in Tables III-VI. The 
decision-maker is searching for the optimization design of 
supply and distribution network, to minimize the overall 
operation cost of the supply chain.

TABLE I 
THE GREY INTERVAL OF PRODUCT A AND B DEMANDED BY EACH SALES CENTER 

Sales Center i Grey Demand Interval of Product A by Node i Grey Demand Interval of Product B by Node i

1
11 [150, 200]d 21 [120,150]d

2
12 [100,160]d 22 [100, 260]d

3
13 [200, 250]d 23 [150,170]d

4
14 [180, 200]d 24 [100,150]d

TABLE II
CAPACITY CONSTRAINTS AND FIXED COSTS OF EACH NODE IN THE SUPPLY CHAIN NETWORK  

Type of Node S1 S2 S3 P1 P2 P3 P4 P5 D1 D2 D3 D4 D5

Capacity Constraint 1500 1000 1500 400 550 490 300 500 530 590 400 370 580

Fixed Cost 0 0 0 1800 900 2100 1100 900 1000 900 1600 1500 1400

Note: In the table above, Sm, Pn and Dk represent the nodes of material vendor m, manufacturer n and distribution center k respectively in the network 
(the same below). Capacity constraint indicates the maximum capacity of supply, production and distribution. Fixed cost is the fees for establishment 
and running of the nodes. 

TABLE III
UNIT PRICE OF RAW MATERIAL I PURCHASED BY MANUFACTURER N FROM MATERIAL VENDOR M  

a1mn P1 P2 P3 P4 P5 a2mn P1 P2 P3 P4 P5

S1 5 6 4 7 5 S1 5 6 7 6 5

S2 6 5 6 6 8 S2 8 6 5 5 7

S3 7 6 3 9 6 S3 4 5 3 9 6
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TABLE IV 
UNIT FREIGHT OF PRODUCT J FROM MANUFACTURER N TO DISTRIBUTION CENTER K 

b1nk b2nk

P1 5 8 5 8 5 P1 3 5 3 5 5

P2 8 7 8 6 8 P2 5 6 6 8 7

P3 4 7 4 5 4 P3 3 5 4 4 3

P4 3 5 3 5 3 P4 3 4 3 5 3

P5 5 6 6 8 3 P5 4 5 5 6 3

TABLE V 
UNIT FREIGHT OF PRODUCT J FROM DISTRIBUTION CENTER K TO SALES CENTER L  

c1kl C1 C2 C3 C4 c2kl C1 C2 C3 C4

D1 7 4 5 6 P1 5 3 4 5

D2 5 4 6 7 P2 4 3 5 6

D3 7 5 3 6 P3 6 4 3 5

D4 3 5 6 4 P4 3 4 5 3

D5 4 6 5 7 P5 3 5 4 6

TABLE VI
UNIT PRODUCTION COST g1

jk AND UNIT LOGISTICS DISTRIBUTION COST g2
jk OF PRODUCT J  

g1
jk P1 P2 P3 P4 P5 g2

jk D1 D2 D3 D4 D5

Product 1 1 1 2 2 2 Product 1 2 1 2 2 1

Product 2 1 1 2 2 1 Product 2 1 1 2 1 1

B. Experimental Results and Discussion 
The problem is solved by the models and IAFSA 

mentioned above. The experimental parameters of IAFSA 
are set as: N =60, ITmax =100, Visual D =2,

Try num =30, Step=0.2, =0.8. The calculation results 
are shown as follows: 

0 0 31 0 833

0 420 0 0 0

0 0 756 0 0

1x , 

0 40 0 0 501

0 59 78 0 0

0 226 416 0 0

2x , 

0 0 0 0 0

0 95 0 0 0

293 0 0 0 0

0 0 0 0 0

0 0 0 0 332

1y , 

0 0 0 0 0

82 148 0 0 0

137 0 0 0 64

0 0 0 0 0

0 0 0 0 169

2y , 

0 35 68 190

0 95 0 0

0 0 0 0

0 0 0 0

175 0 157 0

1z , 

0 32 62 125

0 148 0 0

0 0 0 0

0 0 0 0

135 0 98 0

2z , 

Optimum value min f 36419.
To verify the effect iveness of IAFSA algorithm, 

dynamic part icle swarm optimization (DPSO) algorithm 
brought out by [10] is used for comparison and checking 
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computation. After running algorithm DPSO and IAFSA 
each for 300 times of itinerat ion calcu lation, their optimal 
results are both 36419. The calculation process is shown 
in Fig.1 and Table VII. The comparison of the iteration 
calculation of these two algorithms indicates that IAFSA 
has both advantages and disadvantages. Its solution has 
high precision and small relat ive error in average, and its 
algorithm has good robustness. However, it has some 
weakness as long response time in solution, low 
convergence speed and easy sinking into local optimum 
during iteration in later period. 
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38000
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Iteration times
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Fig.1. The iteration process of optimum calculation by both algorithms 
TABLE VII 

COMPARISON OF THE CALCULATION RESULTS BY BOTH 
ALGORITHMS AFTER RUNNING 300 TIMES 

Algorithm OVF AVF T R

IAFSA 36419 36822.41 16 5.33%

DPSO 36419 37259.05 23 7.67%

Note: OVF-the optimal value of fitness function, AVF-the average value 
of fitness function, T- the frequency of getting optimum result, R- the 
success ratio of getting optimum result . 

V. CONCLUSION 

The optimizat ion of supply chain network with 
uncertain background is a research hotspot of supply 
chain management and decision. This paper analyzed and 
built the mathematical models for the optimizat ion 
problem of supply chain network under the condition of 
grey demands by customers. To solve the models, an 
improved artificial fish swarm algorithm based on binary 
coding was presented. Through experiment of calculat ion 
examples and the comparison with DPSO algorithm it  
indicated that the model and algorithm proposed by this 
paper were effective and feasible.
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Generalized Retarded Bihari-like Inequalities and Applications 
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Abstract - Gronwall-Bellman-Bihari inequality is an 
important tool in the study of existence, uniqueness, 
boundedness, stability and other qualitative properties of 
solutions of differential equations and integral equations. We 
can found a lot of its generalizations in various cases from 
literature [1-3, 11-12]. More recently, many authors have 
made researches on retarded integral inequalities and 
obtained the plenteous results [4-10].  

Keywords - Differential equations, integral equations, 
integral inequality 

I. MAIN RESULTS 

Lemma ([8], Theorem 2.1) Let ,a  be as in Theorem 
1.1 of [8]. Assume , ,k C R R  are nondecreasing 
functions with 0 0, 0k t  for 0t  and 

1
.dt

t
 If ,u C R R  satisfies 

0
, , 0,

t
u t k t a t s u s ds t

then 
1

0
, , 0,

t
u t G G k t a t s ds t

where 
1

, 0.
t dsG t t

s

Throughout 0 0, , 0, ,R R and we use 

the notion Dom f  to denote the domain of function .f

Theorem 1.1. Let 0 ,a R R  and 1
0 0,C R R  be 

nondecreasing with t t  on 0 ,R 0 0, , , .f g h C R R

Moreover, let 
0 0,C R R  be nondecreasing with 

0t  for 0.t  If 0 0,u C R R  satisfies 

0

t
u t a t h s u s ds 00 0

, ,
t s

f s g u d ds t R

(1) 
then

1

0 0 0
,

t t s
u t G G a t h s ds f s g d ds 10, ,t t

(2) 
where 

1
, 0

t dsG t t
s

 and 1 0t R  is chosen so that 

1

0 0 0
,

t t s
G a t h s ds f s g d ds Dom G 10, ,t t

where 1G  is the reverse of .G

Theorem 1.2. Let , , , , ,f t s g t s h t s be continuous 

on 0 0 0,R R R  and nondecreasing in t  for every s
fixed, 0 ,a R R  and 1

0 0,C R R  be 

nondecreasing with .t t  Moreover,  as in 

Theorem 1.1,  is a  diffeomorphism of 0 .R  If 

0 0,u C R R  satisfies 

0
,

t
u t a t h t s u s ds

0 0
, , ,

t s
f t s u s g s u d ds 0 ,t R

(3) 
then

1

0 0 0
, , 1 , ,

t t s
u t G G a t h t s ds f t s g s d ds

10, ,t t                                                                         (4) 

where 
1

, 0,
t dsG t t

s
1G  is the reverse of G  and 

1t R  is chosen so that 
1

0 0 0
, , 1 , ,

t t s
G a t h t s ds f t s g s d ds Dom G

10, .t t
Since the proofs of Theorem1.1 and Theorem1.2 are 

similar, we only give the proof of Theorem1.2. 

Proof. Assume first that 0,t  then the conclusion is true. 
Fixing an arbitrary number 0 10, ,t t  we define a 

positive and nondecreasing function z t  on 00, t  by 

0 00
,

t
z t a t h t s u s ds

00 0
, ,

t s
f t s u s g s u d ds

then
0 00 , , 0, ,z a t u t z t t t

and

0 0, ,z t h t t u t f t t t

0
,

t
u t g t s u s ds

0 0, ,h t t z t f t t t

0
,

t
z t g t s z s ds

0 0, ,h t t z t f t t

0
1 ,

t
t z t g t s ds
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i.e.

0 0 0
, , 1 , .

tz t
h t t f t t t g t s ds

z t

Integrating the above relation on 00, t  yields 
0

0 00
0 ,

t
G z t G z h t s ds

0

00 0
, 1 , .

t s
f t s s g s d ds

Since 1G  is increasing on 1 ,Dom G  the above 
inequality yields 

0

0

0 001
0

00 0

,
,

, 1 ,

t

t s

G a t h t s ds
z t G

f t s s g s d ds

10, .t t  Since 0t  is arbitrary, taking 0t t  in the above 

relation, using z ,u t t  we get 

01

0 0

,

, 1 ,

t

t s

G a t h t s ds
u t G

f t s s g s d ds

01

0 0

,
,

, 1 ,

t

t s

G a t h t s ds
G

f t s g s d ds

so inequality (4) is true. 

Remark 1. Seting 0t  or 0f  or 0g  in 
Theorem1.1 and Theorem1.2, we obtain the Bihari 
inequality [11]. 

Remark 2. If 
0

,ds
s

then ,G  the 

conclusions of Theorem1.1 and Theorem1.2 are valid on 
0 .R

Remark 3. If 0h  and 0g  in Theorem1.2, we obtain 
the Lemma. 

Remark 4. If 0h  and 0g  in Theorem1.2 and 
, ,f t s b t m s  we obtain Theorem1.2 in paper [8] 

immediately. 

Theorem1.3. Let 0 ,a R R  and 1
0 0,i C R R  be 

nondecreasing with i t t  on 0 ,R

0 0, , , , 1, 2, , .i if g h C R R i n  Moreover, let 

0 0,C R R  be nondecreasing with 0t  for 0.t

If 0 0,u C R R  satisfies 

0

t
u t a t h s u s ds

00 0
1

, ,i
n t s

i i
i

f s g u d ds t R (5) 

then
1

0 0 0
1

,i
nt t s

i i
i

u t G G a t h s ds f s g d ds

10, ,t t                                                                         (6) 

where 
1

, 0
t dsG t t

s
 and 1 0t R  is chosen so that 

1

0 0 0
,it t s

i iG a t h s ds f s g d ds Dom G

11, 2, , , 0, ,i n t t  where 1G  is the reverse of .G

Theorem1.4. Let , , ,i if g h , ia  be as in Theorem1.2. 
Moreover,  as in Theorem1.1, i  is a diffeomorphism 

of 0 ,R 1, 2, , .i n  If 0 0,u C R R  satisfies 

0
,

t
u t a t h t s u s ds

0 0
1

, , ,i
n t s

i i
i

f t s u s g s u d ds 0 ,t R

 (7) 
then

1

0 0 0
1

, , 1 , ,i
nt t s

i i
i

u t G G a t h t s ds f t s g s d ds

10, ,t t                                                                           (8) 

where 
1

, 0,
t dsG t t

s
1G  is the reverse of G  and 

1t R  is chosen so that 
1

0 0 0
, , 1 , ,it t s

i iG a t h t s ds f t s g s d ds Dom G

11, 2, , , 0, .i n t t
Since the proofs of Theorem1.3 and Theorem1.4 are 

easy, we omit the details. 

II. SOME APPLICATIONS

In this section, we give some applications of our 
results in the estimate of the solutions of differential 
equations with deviating argument, of which the earlier 
inequalities do not apply directly. 

Example. We first discuss the following differential 
equation 

0

x F , x , x

x 0 x .

t t t t
                     (9) 

with n 2n n
0 0x R ,F C R R ,R .  Let 1

0 0,C R R

be a diffeomorphism of 0R  with t t for 0.t  As in 

[12], let 0,T  be the maximal interval of existence of of 

solution x t  to (5), which satisfies the initial condition 

0x x ,t  if ,T  then limsup x .
t T

t  Using our 
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conclusions we can give a sufficient condition of global 
existence of solutions of  (9). 

Proposition: Let  

0
F , , ,

t
t x y m t h t X f t g s Y ds

2, ,nX Y R 0 0, , , ,h f g C R R

and 0 ,m C R R be nondecreasing, 0,t

0

.
t

ds
s

 Then all solutions of (9) exist on .R

Proof. Proof by contradiction. 
Let 0,T  be the maximal interval of existence of a 

solution x t  for (9), which satisfies the initial condition 

0x 0 x .  From the conditions, we have 

x xt m t h t t
0

x s .
t

f t g s ds

Integrating the above relation on 0, , 0, ,t t T  yields 

0 0
x x 0 x

t t
t m s ds h s s ds

0 0
x .

t s
f s g d ds

Suppose 
0

x 0 ,
t

a t m s ds  then 

0
x x

t
t a t h s s ds

0 0
x ,

t s
f s g d ds

0
x

t
a t h s s ds

1 1 1

0 0
x ,

t s
f s s g d ds

0, .t T  Applying Theorem 1.1, we get 
1

0 0 0
x ,

t t s
t G G a t h s ds f s g d ds 10, ,t t

(10) 
where 1,t G  is chosen as in Theorem 1.1, (10) holds on 

10, t  for any 1 0, .t T  So (10) also holds on 0, .T
Observe that the right hand side of (10), as a function in t ,
is bounded on the interval 0, .T  So is x t  on 0, ,T
which contradicts the known conclusion 
limsup x .
t T

t  So all solutions of (10) exist on .R

III. CONCLUSION 

In this paper, we have established a generalized 
retarded integral inequality of Bihari-like type. Our results 
generalize the existing results and give more convenient 
tools in the study of solutions to differential equations and 
integral equations. 

We note that, in our opinion ,many new applications 
of Bihari-like inequalities are still to be found. We still 
have a lot of work to do. 
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Abstract - This paper mainly discusses the influence 
factors of 3D printing rapid prototyping system using 
entropy weight method and system dynamics model. Firstly, 
through survey we find the influence factors, next using 
entropy weight method to calculate index weight, then we
use SD method to simulation and draw the causal diagram 
and loop diagram. Finally, we analyze the various 
influencing factors and find the key factors. The results 
shows that improving the advanced level of molding 
equipment and enlarged material R&D efforts are of 
important guiding significance for largely improving 
efficiency of forming and promoting the popularization of 
3D printing rapid prototyping system. 

Keywords - 3D printing, entropy weight method, factor 
analysis, system dynamics model 

I. INTRODUCTION

 With the development of science and technology, the 
3D printing technology plays an increasingly important 
role. The 3D printing system that contains computers and 
3D printing devices can be fast and accurate to print out
new products in a short period of time, which  will surpass 
the traditional process of the product development design 
and continue to work wonders. The 3D printing 
technology is widely used in medicine, machine 
manufacturing, the restoration and other industries. The
accuracy and speed of print in all these areas have higher 
requirements, but the accuracy and speed of the 3D 
printing level is not h igh in reality ,for example, Some 
enterprises pursue speed so blindly that causes the 
printing precision and vice versa. The contradiction 
between speed and accuracy that reflects in  the reality is
print inefficiency, which not only hinders the 
development of 3D industry, but also wastes resources. 
Therefore, we need to find how to improve the efficiency 
of the 3D printing system to achieve the goal of 3D 
printing service in a good and fast way. 
 Many scholars at home and abroad have studied a lot 
on 3D printing rapid  prototyping system, for example, 
Zhang Nan (2013) [1] explains the revolutionary change 
for the future design from the 3D printing on the concept 
of product design, design details, design process, etc; 
Wang ping (2013) [2] thinks the application of 3D printing 
in the field of education will help teachers to humanize  
model, and also can promote the student to study the level 
of ascension; Barry Berman (2012) [3] stresses the 3D 
printing has a great impact on the enterprise production by
analyzing 3D printing which  has an influence on the mass 
customizat ion production and application in other areas; 

Giovanni Cesaretti (2014) [4] etc. discusses the idea that 
building a lunar habitat by using of lunar soil in 3D
printing; Suki (2012) [5] has made the analysis and 
suggestions of the future based on 3D printing technology 
by introducing the development situation at  home and 
abroad with the survey data. Much more researches focus 
on the princip le of 3D technology, applicat ion, 
development prospects, but to improve the efficiency of
3D printing system level research is little. So we need to
strengthen this aspect of the research. 

As 3D printing rap id prototyping is a  complex and 
interlocking system, its efficiency is determined by
internal and external factors which are interactional and 
inter-constraint, so these impacts on the efficiency of 3D
printing system are inconsistent. The entropy weight 
method is object ive and empowerment. According to the 
variation of each index, it can calculate the entropy 
weight of every index by using information entropy and 
through the entropy weight to revise the weight of each
index and obtain more objective index weight. Meanwhile , 
the system dynamics based on system theory can reveal 
the change law of high order, nonlinear, mult i feedback 
complex systems by a feedback loop to describe the 
structure of a  system. Therefore, in this paper, we use [6]

entropy method and system dynamic to set up the system 
dynamics model o f 3D printing rapid  prototyping system 
and use simulat ion software Vensim model for simulation 
in order to explore  different factors on the impact of 3D
printing rap id prototyping system and then direct the 
enterprise to improve the efficiency of 3 d printing rap id 
prototyping system. 

II. 3D PRINTING RAPID PROTOTYPING SYSTEM 
INFLUENCE FACTOR ANALYSIS AND THE 

WEIGHT
A. 3D printing rapid prototyping system influence factor 
analysis 

3D printing process can be divided into previous, 
medium and later period. In the previous period, we
mainly  pre design phase model for printing objects, 
including 3D structure model of 3D scanning and 
mapping software, construction which will have a great 
influence on the quality of printing products and printing 
efficiency level o f the stage 3D model. The medium 
period is a key for 3D printing. We use 3D printing 
equipment translate the molding materials into material 
object according to the 3D mode. This process requires 
operating personnel, cooperation to complete printing 
equipments, so it will be affected by printing equipments, 
molding material, forming environment and personnel etc. 
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The later one is 3D printing products processing stage that 
puts forward a very h igh request to the stage of technical 
personnel skill level. Three interdependent stages, organic 
combination, finally achieve the successful operation of
3D printing rapid  prototyping system, constantly through 
the print devices print materials into actual objects. 
 Combined with the analysis of the process, 
experimental operation experience and related enterprises 
[7-9], the factors affecting the 3D print ing rapid prototyping 
efficiency into six parts: degree of specialization of the 
operator, advanced level of the equipments, the 
characteristics of the mold ing material, the complexity of
the molding object, construction of 3D model, effects of
environmental factors. These factors work together in the 
3D printing rapid prototyping system, as is shown in Fig.1. 
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Fig.1. 3D printing rapid prototyping system model structure 
(1) Specialization of the operators refers to 3D print

related knowledge the operator has and operation
proficiency of 3D print system, also includes scan or
drawing of the print model in the early stage and the
printing processing and the daily maintenance in the
later stage;

(2) Advanced level of the equipment refers to 3D
printing equipments in the rapid prototyping system
includes the 3D printing rapid prototyping system
characteristics of the equipments including 3D
scanner and 3D printers, configuration, performance
and the kinds of the resolution of the printer, printing
process, such as advanced degree [10];

(3) The characteristics of the molding materials refer to
the kinds of molding materials, thermal properties
(heat capacity, thermal conductivity, heat of fusion
and thermal expansion, the boiling point melt ing,
etc.), mechanical p roperties (elastic modulus, tensile
strength, impact strength, yield strength, fatigue
strength resistance, etc.) and functional;

(4) The characteristics of the mold ing object refer to the
target object's shape, size, complexity, the purpose of
the forming object, color and the precision and
quality requirements;

(5) Construction of 3D model refers to the detailed and
complete degree of the 3D digital models which are
designed or constructed by using 3D scanner in
printed early or with the aid of design software;

(6) Effects of environmental factors refer to 3D printing 
rapid prototyping system environment requirements, 
including molding workshop of temperature, 
humidity, voltage, ventilation and lighting; 

B. To determine weight of factors based on entropy 
weight method 
 With system dynamics simulation analysis we first
need to find the weight of index influence on the level of
system efficiency. At present, the common methods to
calculate the weights are Rough Sets, Principal
Component Analysis (PCA), Analytic Hierarchy Process
(AHP), the Variation Coefficient method and so on. These
methods are flawed by subjective factors causing
deviations, which are not conducive to accurately
determine the weight of each index, moreover, they
explain the results. The entropy weight method is a
method to determine the index weight, which has strong
objectivity, accuracy, and can better exp lain the results
obtained. Such as Zhao Xiuli (2013) [11] etc. uses entropy
method to determine the objective weight, then gets
comprehensive weights, makes an analysis of supply
chain logistics capability evaluation results, provides
reference to promote the performance of supply chain
logistics capability; Zhao Lei (2012) [12] carries on the
research of sustainable land use in Huludao City,
comprehensive evaluation and puts forward some
suggestions of sustainable utilizat ion of land resources in
Huludao city in the future. Based on the advantages of
entropy weight method, this paper uses the entropy weight
method to determine the weight of each index, which
provided support for the construction of the system
dynamics model and the simulation. To calcu late the
weight of entropy method comprises the following steps:

1) To gather data, ( 1,2,..., ; 1, 2,..., )ijx i m j n
means the index value of item i in the j year, set data ijx
into formula (1), calcu late the proportion of each index
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3) Define weight iCL , set ih into formula (3),
calculate the weight of each index iCL

1

1

(1 )
i

mi

i
i

hCL
h

1
0 1, 1

m

i i
i

CL CL
(3) 

 The magnitude of the weights iCL  reflect the relat ive 
importance of the factors on the system. Under certain 
conditions, the greater the weight 

iCL , the greater the 
factors that influence the change on the system level. As
in 3D printing rapid prototyping system, there are 
dynamic interaction relationships, so we need use system 
dynamics to build dynamic model which can reflect the 
influence each other between the index relationships. 

90 L. Feng et al.



III. SYSTEM DYNAMICS MODELING FOR 3D
PRINTING RAPID PROTOTYPING INFLUENCE 

FACTORS

A. causal diagram and variable definition 
 The relationships in 3D printing rapid prototyping 
system are inter-constraint and interactional. And there 
are mult iple  relationships between positive and negative 
feedback, which 3D printing rapid prototyping system 
dynamics modeling can be founded [13].  
1) Causal diagram of 3D printing rapid prototyping 
system 
 The level of printing rap id prototyping system is
influenced by the  specialty, equipments, 
materials, objects, models and environment, and their 
causal relationship. Causal diagram is an effective way to
analyze and understand system function and lay a good
foundation for system flow. It is shown in Fig.2. 
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Fig.2. Causal diagram of 3D printing rapid prototyping system
 Fig.2 shows that the relationships in 3D printing rapid 
prototyping system are not only inter-constraint and 
interactional, but also multiple  positive and negative 
feedbacks which can make 3D print ing rapid prototyping 
system dynamics modeling. 
2) Variable-definition of 3D printing rapid prototyping 
system 
 The model variables can be defined by the causal 
diagram and loop diagram, so we can define the following 
mode variables, shown in Table I.

TABLE I 
TABLE OF VARIABLES 

Variables definition implication

auxiliary
variable

ASP
3D printing rapid prototyping system
efficiency level

level
variable

L1 Degree of specialization of the operator
L2 Advanced level of the equipment
L3 The characteristics of the molding material
L4 The complexity of the molding object
L5 Construction of 3Dmodel
L6 Effects of environmental factors

rate
variable

R1
Increment of degree of specialization of the
operator

R2
Increment of advanced level of the
equipment

R3
Increment of the characteristics of the
molding material

R4
Increment of the complexity of themolding
object

R5 Increment of construction of 3D model

R6
Increment of effects ofenvironmental
factors

constant

Crm
The influence coefficient of degree of
specialization of the operator on
construction of3D model

Crs
The influence coefficient of degree of
specialization of the operator on advanced
level of the equipment

Csc
The influence coefficient of advanced level
of the equipment on thecharacteristics of
the molding material

Cdc
The influence coefficient of the complexity
of the molding object on the characteristics
of the molding material

Cds
The influence coefficient of the complexity
of the molding object on advanced level of
the equipment

Cdh
The influence coefficient of the complexity
of the molding object on effects of
environmental factors

Cdm
The influence coefficient of the complexity
of the molding object on construction of 3D
model

Cms
The influence coefficient of construction of
3D model on advanced level of the
equipment

Cmh
The influence coefficient of construction of
3D model on effects ofenvironmental
factors

Chr
The influence coefficient of effects of
environmental factors on degree of
specialization of the operator

B. Flow and SD equation  
3D printing rapid prototyping system flow can be

made by the analysis of casual graph and variable 
definit ion, as is shown in Fig.3. We can establish model 
equations according to system flow diagram, as follows, 

auxiliary equations: 

1 1 2 2 3 3 4 4 5 5 6 6. . . . . . .ASP K CL L K CL L K CL L K CL L K CL L K CL L K  (4) 

iCL can be got by the above entropy method, iCL means 
the weight of the index i                                                (5) 
state equations:

1 1 1. ( . )L K L J R DT     (6) 

2 2 2. ( . )L K L J R DT Crs Cms Cds         (7) 
3 3 3. ( . )L K L J R DT Csc (8) 

4 4 4. ( . )L K L J R DT                (9) 

5 5 5. ( . )L K L J R DT Crm Chm Cdm     (10) 
6 6 6. ( . )L K L J R DT Cdh           (11) 
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 K means the present tense and J is the past tense 
(Init ial value). JK means the space of time from the past 
to the present. DT means simulat ion time step variables, 
which is the space of time it takes to answer from J to K.
 The initial value equations:

1 2 3 4 5 678, 80, 81, 82, 84, 86L L L L L L
1.28, 1.35, 1.41, 1.25, 1.38, 1.32, 1.34, 1.25, 1.30,
1.37

Crm Crs Csc Cdc Cds Cdh Cdm Cms Cmh
Chr

Step DT=1(month), space of time is 36(months) 

 According to the parameter, the level increment 
quantity of all factors is exp( /100)( 1,2,...,6)iI ASP i , and 
the increment rate in the system is 0.5.And according to
dynamic development of the system level , the equation 
and value tends to be in accord with prototyping and 
finally will be obtained by the repeatedly- debugged 
historical statics. The increment rate can be expedited to
0.7 in simulation adjustment.
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Fig.3. 3D printing rapid prototyping system dynamic flow diagram 
TABLE II

 THE IMPACT  OF 3 D PRINTING RAPID PROTOTYPING SYSTEM 

IV. THE ANALYSIS OF SIMULATION 

A. To gather data
 Before employing entropy method, the paper gathered 
data through expert evaluation method [14-15], which 
means that 50 experts in the field analyze and obtain 
relevant certain value through experience and 3 years of

data from 2011 to 2013. (i 1,2,...,m; j 1,2,..., n)ijx is
the targeted value of the target i in j year, the data is
shown in Table II. 

B. To determine weighing of all factors 
The above targets are calculated and processed 

through entropy method which can get weighing of all 
factors CLi (i=1, 2, 3,  6),which means the target i 
weighs the system. The results are as follows: 

1 2 3 4 5 60.16074, 0.18433, 0.19302, 0.15708, 0.15508, 0.14975CL CL CL CL CL CL

C. To analyze simulation and results 
 With system dynamics simulation software  Vensim, 
we build the system dynamics flow chart of 3D printing 
rapid prototyping system (Fig.3). And with reference 
variables, we simulate factors of efficiency levels of 3D
printing rapid prototyping system which takes 36 months. 

In terms of init ial values of variables and efficiency 
of enterprises, the in itial value of every subsidiary factor 
increment rate is 0.5 (dimensionless value), which is
based on the trend of system efficiency. In the same way, 
to be obviously contrast under different regulation ranges, 
the increment rate of regulation is 0.7 (dimensionless 
value), and then we analyze the level changes of
regulation variables. The results are as follows: 

1) The simulation analysis of increment rates of
factors efficiency 
 Based on the variab les and system dynamics flow 
chart simulation software, we conclude that the level trend 
of 3D printing rapid  prototyping system efficiency is

Year
Index

2011 2012 2013

Degree of specialization of the operator 3.7 4.0 4.2

Advanced level of the equipment 3.5 3.7 4.0

The characteristics of the molding material 3.4 3.6 3.8

The complexity of the molding object 3.8 4.0 4.1

Construction of 3D model 3.9 4.0 4.2

Effects of environmental factors 3.9 4.1 4.3

92 L. Feng et al.



shown in Fig.4, the level trend of 3D printing rap id 
prototyping system efficiency factors is shown in Fig.5. In
the initial conditions, the target value of the level of
prototyping efficiency will be 90 in 24 months, so it takes 
a long and continuous term to improve the efficiency. 
Meanwhile, the level trend of all factors can be seen in
Fig.5. 

Fig.4. 3D printing rapid prototyping system efficiency level trend chart  

Fig.5. The level trend of 3D printing rapid prototyping system efficiency 
factor 

 2) The simulation analysis of increment rates of all 
factors levels 

In simulation, the increment rates of other factors 
remain  the same, and the increment rates of selected 
factors levels are to be 0.7 one by one. With the software, 
we should know the influences of different factors on the 
levels of system efficiency. Current1, Current2, Current3, 
Current4, Current5 and Current6 represent the profession
of operators, the advanced degree of equipment, materials, 
related subjects, objects and environment. The increment 
rate model construction is to be 0.7 one by one. The 
system efficiency levels are shown in Fig.6 when the
increment rates of other factors remain the same. 

Fig.6. The addition of various factors on the impact of 3D printing rapid 
prototyping system efficiency level trend 

3) The actual rates of all factors  
 The actual rate  refers to the increment percentage of
system efficiency levels every month in the same level 

increment of other factors. On the basis of current in  Fig.4,
the average of system efficiency levels is 87.82452; the 
level values of every month in Fig.6 minus those of
Current every month is the average, which is compared 
with the level average values of current, and the actual 
rate of factors will be got respectively. The actual rates of
all factors are 0.003678, 0.007157, 0.004544, 0.002625, 
0.004441, 0.004291, it can be seen that the equipment had 
the greatest influence on the efficiency of the molding 
system, followed by molding material, then forming 
model and forming environment, staff levels and forming 
objects. This is consistent with actual situation roughly of
the 3D shape. The actual action rate contrast with the 
efficiency level about the different factors in complex 
system on the overall system accurately. 

V. CONCLUSION 

  In this art icle, through the systematic  analysis of the 
factors of efficiency level about 3D printing rapid 
prototyping system and comprehensive using entropy 
method and system dynamics model has carried on the 
simulation for the affecting factors and the relationship 
between influencing factors and system efficiency level, 
we find out the key factors influencing the system 
efficiency level at last. By improving the equipment of
advanced level, increasing the intensity of materials 
research and development, the efficiency of 3D printing 
rapid prototyping system can be improved. It will be of a 
guiding significance for our 3D printing enterprises to
improve production performance and promote the 
development of 3D printing industry. 
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Abstract - Machinery industry enterprise as research 
background, this paper analyzed the feature of production 
scheduling for discrete manufacturing and proposed the 
collaborative multi-objective optimization problem. Based 
on the improved Taguchi loss function, nonlinear 
relationship of quality, delivery and cost was established. 
And the multi-objective collaborative optimization model of 
production scheduling was created as well as synthetically 
considering of discrete constraints. The effective solution 
was studied to solve the model integrating simulation 
modeling and genetic algorithm. Further, through the 
enterprise empirical study, the practicability and validity of 
the model and algorithm is verified. This study will improve 
the synergy degree among quality, delivery and cost three 
goals, and provide an effective theoretical method of 
production schedule for the discrete manufacturing.

Keywords - Collaborative optimization, discrete 
manufacturing, genetic algorithm, production scheduling, 
simulation modeling, Taguchi loss function

I. INTRODUCING
Discrete manufacturing scheduling is optimizat ion 

problem which has the characteristic of multi-part, 
multi-target, multi-constraint and randomness. In 
machinery industry, the typical enterprise such as heavy 
machinery enterprise, which designs and manufactures 
products according to customer order and demand, their 
products are mult i-type, complex in structure, long 
production processes and long cycle time. Their machine 
is mainly universal [1].

Quality, delivery and cost become their schedule 
goals, process, time and resources as major constraint,
there also comes with random uncertainty of insert urgent 
orders, withdrawals, and machine failure, the research of 
this issue becomes a worldwide NP-Hard problem [2]

.Currently  most enterprises of this type schedule their 

sdifficult to guarantee duration, low efficiency, without 
science and lack of method of multi-objective 
optimization theory. Therefore, this research has both 
theoretical and practical value.

The NP-Hard problem of production scheduling 
optimization has been attracting scholars both home and 
aboard. But the production optimization problem of 
multi-objective scheduling is also the lack of research,
especially for discrete manufacturing. The current 
research results focused on aspects related to the 
optimization model and algorithm [3-9], but most of the 
optimization goal which only consider a single goal,
fewer with mult i-target. Multi-target research mainly 
focus on weighted integrated optimization, such as 

literature [10]; literature [11] used a hybrid intelligent 
algorithm to implement multi- resource scheduling 
constraints target the total duration of the project and WIP 
inventory; literature [12] used heuristic rules and genetic 
algorithm to optimize manufacturing cycle, resource 
utilizat ion, manufacturing costs. Our research group is 
also continuing research on such issues as the literature [1,

13] used a simple mult i-object ive weighting method, but 
did not fully  consider the relevancy between 
multi-objective. In actual production scheduling, every
goal do not exist alone, they affect each other and are 
reciprocal relationship. Therefore, the research of this 
subject has certain challenges.

Taguchi quality loss function (TQLF) is to describe 
the quality loss or deviation squared deviation from the 
target value and quality characteristics [14]. It illustrates the 
nonlinear relationship between quality and the cost.
Taguchi loss function has been successfully applied to 
model of the relationship between quality and cost [15].
This paper focused on collaborative optimization model
of three goals by  establishing the relat ionship of quality,
time and cost based on improved TQLF. And it integrated 
simulation technique and genetic algorithms to solve 
global optimal problems, and verified the practicality and 
effectiveness of the model and algorithm through case 
study. This paper will better improve the synergy degree 
among quality, delivery and cost three goals, and provide 
an effective theoretical method of production schedule for 
the discrete manufacturing.

II. THREE GOALS RELATIONAL MODEL BASED 
ON IMPROVED TQLF

A. Model of quality-cost relation
Based on improved TQLF, the relationship model 

between quality and cost was built. Product costs include 
normal target cost and quality loss caused by process 
variation. We assumed that the normal target cost of parts 
j of the product i is named O

ijC and quality loss is 

named
ij

qC , ijq is quality, ijq is variation of quality,
q
ijk is loss coefficient, is target value of quality, q

is standard deviation of quality. So the model of quality 
-cost relation is as formula (1).
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B. Model of cost-time relation
Cost -time relation is similar with the quality-cost 

relation. It is the nonlinear relation. We assumed that the 
loss of the parts j of the product i named t

ijC . ijt ,

which is the product period, ijt is variat ion of time,
t
ijk is loss coefficient, t

ij is target value of time, t is 

standard deviation of t ime. So  the model of cost-time
relation is as formula (2).
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III. MULTI-OBJECTIVE COLLABORATIVE 
OPTIMIZATION MODEL

In view of production scheduling optimizat ion 
problem of machinery industry enterprise based on 
formula (1) and (2), the three goals (quality, time and cost) 
synergies optimization was made the total cost of a single 
goal. The collaborative multi-objective optimization 
model was established as formula (3).
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s.t.       (4)

               (5)
1+ , , 0,0 1ij ijt t t T T (6)

0
,  1
,e

eSaid machineM
ijr

is selected
OtherwiseMX

     (7)
1,process
0,eijrqM ifnotR

    (8)
Formula (4) is process sequence, time constraints,

components of the starting time of process r should 
before the starting time and the processing time of process

1r ; formula (5) is equipment capacity constraints;
formula (6) is uncertain constraints, considering random 

factors ; formula (7) and (8) are Moderator Variable.

IV. SIMULATION MODELING AND ALGORITHM 
DESIGN

A. Simulation Modeling(SM)
Based on Plant Simulat ion Software, the system 

physical model of d iscrete manufacturing was built,
embedded mathematic model, solution algorithm and
parameters of reality. The model was constantly 
debugging for calibration and validation.

B. Genetic Algorithm (GA)
1) Coding: Chromosome is made up of all parts of 

the code. Chromosome coding for genes are
( 1, 2,..., )n n i j . Chromosome length is i j . The 

product parts ijp process of encoding is r
( 1, 2,...,r q ), eM is coding for machine equipment, 
its name ( 1,2,..., )ee e N . The decoding  

, , , ,e ijrs ijreij r M t t is result space matrix of the work 

schedule. Machining process, equipment and its various 
parts of the starting time and the completion  time is made 
by the matrix into a Gantt chart.

2) Fitness evaluation: Based on the adaptive 
function, the use of each individual in the population to 
adapt to the evolutionary search function value. Fitness 
function by the objective function formula (3) the scale 
transformation, Such as formula (9):

         (9)
3) Genetic operations: Including population size, 

age level, mutation probability, generations, the crossover 
probability and termination of algebra, etc. When reach 
the preset maximum breed ing, the number of algebraic 
algorithm automatically stop.

V. CASE STUDY

In this paper, the research of scheduling take the 
cement mill production of some machinery industry
enterprises as an example. The grinding rotary part o f 
cement mills includes three key components which are 
barrel, end cover, hollow shaft. Using 

iP and ijpart
(i=1, 2, 3; j=1, 2, 3) represent products and product 
components. Main demand is using collaborative 
optimization model and integration algorithm to put 
forward the optimal production scheduling plan in a 
certain plan period.

There are 13 kinds of equipments, excepting two sets 
of M2, two  sets of M4 and M12 and M13 are regardless 
of the constraint, others has only one set. Table I shows 
the processing craft and process time.

Depending on the product, equipment and 
technology and other basic information embedded in 
collaborative multi-objective optimization model, a 
simulation model system of Plant Simulation was created, 
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shown in Fig.1.
TABLE I

PARTS PROCESSING CRAFT AND PROCESS TIME

The parts machining process/time (days)
N Parts

1 2 3 4 5 6 7 8 9 10 11 12

1 Part11 M3/3 M4/3 M7/10 M8/13 M5/4 M11/5 M1/10 M10/5 M6/20 M9/8 M12/1 M13/4

2 Part12 M3/1.5 M4/1.5 M7/5 M5/3 M2/5 M13/3

3 Part13 M1/8 M3/2 M2/6 M3/2.5 M2/10 M3/2.5 M2/2.5 M13/2.5

4 Part21 M3/1 M4/1 M7/6.5 M8/8.5 M5/2 M11/2.5 M1/7.5 M10/3 M6/15 M9/6 M12/1 M13/2

5 Part22 M3/0.5 M4/0.5 M7/0.5 M5/1.5 M2/3 M13/1.5

6 Part23 M1/6 M3/1 M2/4.5 M3/1 M2/2.5 M3/1 M2/1.5 M13/1.5

7 Part31 M3/2.5 M4/2 M7/8.5 M8/11 M5/3 M11/4 M1/8.5 M10/4 M6/18 M9/7 M12/1 M13/3

8 Part32 M3/1.5 M4/1 M7/4 M5/2 M2/3.5 M13/2

9 Part33 M1/7 M3/1.5 M2/5 M3/1.5 M2/9 M3/2 M2/2.5 M13/2

Fig.1. Simulation model of production system
The genetic algorithm embedded into the simulation 

model, a  crossover probability is 0.9, mutation probability 
is 0.15, genetic race to 20, population size for 100. 
Optimization parameters according to the order of the 
parts to set up, the fitness functions for the collaborative 
optimization objective function. The fitness of 
convergence is obtained by simulat ion the optimized 
value as shown in Fig.2, the red line represents the 
optimal solution, the green line represents the average, the
blue line represents the worst solutions, race number 
algebra in  the diagram to the abscissa, ordinate is fitness 
values. The optimal fitness evaluation value is 27898.2 
Yuan. The optimal solution Gantt chart is shown in Fig.3.

Fig.2. Fitness convergence values

Fig.3. Production Scheduling Gant t
This case applied the collaborative optimizat ion 

model and its algorithm to simulation modeling and test,
the optimal solution of the production schedule obtained.
Will this method compared with enterprise artificial 
scheduling results, the results showed that the production 
schedule after the collaborative optimizat ion, the final 
loss of 108340 Yuan for the enterprise to reduce the cost, 
improve the efficiency of production scheduling of nearly 
55.8%. The test results showed that the collaborative 
optimization model and SM&GA is effective and 
practical.

VI. CONCLUSION

This paper focused on the difficult problem of
production schedule for the discrete manufacturing. In 
view of the mult i-objective optimization problem of the 
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quality, time and cost is less studied, the non-linear 
relation model of quality, time and cost was established 
based on improved TQLF. So that the multi-objective 
collaborative optimizat ion model of production 
scheduling was constructed, considering time constraints, 
equipment constraints, and uncertainty factors. And 
integrated SM&GA, the effective method was studied to 
solve the model. The valid ity of the model and algorithm 
had been verified through enterprise example. It  proved 
that the optimizat ion method has certain theoretical 
significance and practical value to cope with the 
production scheduling of discrete manufacturing.
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Abstract - Based on the basic particle swarm 
optimization algorithm and the analysis of the basic 
principles of job shop scheduling problem, an improved 
discrete particle swarm optimization (IDPSO) is proposed in 
the paper. In the IDPSO, the discrete particle location is 
updated by the operation of mutation and crossover based 
on the evolutionary mechanism of PSO, and a neighborhood 
algorithm is introduced to enhance the ability of local search. 
Finally a simulation results of an example proved the 
feasibility and validity of the algorithm.

Keywords - Job shop schedule, local search, particle 
swarm, simulation 

I. INTRODUCTION 

 The job shop schedule take the time allocation of 
resources into consideration to complete the task to meet 
certain performance index, under limited resource and 
task process constraints, it belongs to the most difficu lt 
combinatorial optimizat ion issue. Specifically, in a 
dynamic production environment, some unexpected 
events may occur, it needs to change the old scheme. 
According to the current state of the system, assign the 
machine and change the order of p rocess, then make the 
original p lan and new reasonable cohesion, optimal 
operation target. Liu  [1] has studied the particle swarm 
optimization and the application is discussed. 

II. METHODOLOGY 

A. Particle Swarm Optimization 
Particle swarm optimizat ion is an evolutionary 

algorithm based on population iteration , each individual 
is referred to as a particle in the particle swarm, and each 
particle is a  point which moves to a certain  rule in the 
target search space, by searching the speed and the 
location of the particle to find the optimal solution[2]. The 
basic particle swarm optimization algorithm process is as 
follows 

Step1: The in itializat ion of algorithm. It involves the 
location and the speed. 

Step2: to the fitness function, evaluate the fitness 
value of each particle. 

Step3: Compare the fitness value of each particle and 
the fitness value in the optimal position Opi, if the latter is 
better, choose it. Then compare the Opi o f all part icle and 
the global optimum gb, if the Opi is better, update the gb 
to Opi. 

Step4: Update each particle's position and speed. 
Left and right-justify your columns. Use tables and 

figures to adjust column length. Use automatic 
hyphenation and check spelling. A ll figures, tables, and 
equations must be included in-line with the text. Do not 
use links to external files. 

Step5: Judge it whether meet the termination 
conditions of the algorithm, if so, end the running and
output the optimal solution. If not, turn to step2. 

B. Job Shop Scheduling Problem [3,4] 
Job shop scheduling is a problem of sorting job task 

on the basis of time. So, we can express the job work as a 
manufacturing  process of a work piece, the mathematic 
model of job shop scheduling is as follows: 

(S T ) i N
i ie miie mMinJ Max                (1) 

s.t . ,[O ,O ] P , {1, ,m}i Nilq ikq ikq ikp ikq iS S T l ,m}i N,m}i (2) 

,[O ,O ] , ,ilq ikq ikq ikq jlq jlq ikq jkp iS S T orS S T R i j N q M (3) 

, , , {1, ,n }i ijkl i ijq ir S d T i N q M j , n }i (4) 

Formula one shows the min imize production cycle, 
formula two shows ordering constraint among all 
processes, the two different processes of the same work 
piece cannot be processed on two machines at the same 
time. Formula three shows resource constraint, each 
machine just process a procedure of an artifact, formula 
four means preparation time and delivery time constraints. 

C. Calculation method 
Problem of coding: Problem of coding is the primary 

key problem of designing particle swarm algorithm.  
Genm [5,6] proposed coding method based on process 
expression which using genetic algorithm to solve job-
shop scheduling problem. Assumes that the workshop 
scheduling problem involves n work pieces and m 
machines, so each chromosome particle composed of 
genes that represent the integer value of the operation. 
And each artifact i appears m t imes, so we can know that 
the particles is a feasible solution. A problem of job shop 
schedule about three work p ieces and three machines, as
shown in Table I. 

TABLE I 
THE INSTANCE OF JOB SHOP SCHEDULE 

Processing time Machine sequencing

Work 
piece

process Work
piece

process

1 2 3 1 2 3

j1 3 1 3 j1 m1 m1 m2

j2 3 5 2 j2 m2 m3 m1

j3 2 3 3 j3 m3 m2 m3
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From Table I, we can know that the first 2 
correspond to the j2 of the first work p iece is processed on 
the m1,the processing time is 1, the second 2 correspond 
to the j2 of the second work piece is p rocessed on the 
m3,the processing time is 5,Then decode the chromosome 
particles, can get the maximum complet ion time is 12, as
shown in Table II. 

TABLE II
PARTICLE CODING

Particle dimension 1 2 3 4 5 6 7 8 9

Chromosome 3 2 2 1 1 2 3 1 3

Work number 1 1 2 1 2 3 2 3 3

Machine number 2 1 3 1 3 2 1 3 3

D. Particle position update strategy 
The key factors of the position about the particle 

include influence part [7], cognitive part, society part, 
through the analysis can be obtained that the particle 
evolve to a new position is due to the current state, their 
best condition and the group best state mutual influence. 
So, based on the evolution optimization mechanis m of the 
basic particle swarm algorithm, define the location update 
formula as follows: 

1
2 1(c g( h( ),pB ),gB )k k k k

i i iX c f X           (5) 

: inertia weight factor, 1c : cognitive coefficient, 

2c : social coefficient, 1 2, , [0,1]c c

E. Local search strategy 
According to the particle coding and particle location 

update strategy, we find it suitable for the job shop 
scheduling of d iscrete particle swarm optimization 
algorithm. Meanwhile, it retains the advantages of fast 
convergence speed, easy to implement. Local search 
strategy is a key technology. So, to further improve and 
optimize the algorithm performance, we should do the 
local search strategy after the update. The procedure is as 
follows: 

Step1: Randomly generate an integer 1 [1, len]d , len 

means the length of hX . Set 1m d , 'h hX X .
Randomly generate an integer d between [0, 1], if 1d , 
turn to Step2. If 1d , turn to step3. 

Step2: According to the following steps: 

Step2.1: If 1 1d , randomly generate an natural 
number d2 between  [0, d1-1]. It means the d1th gene start 
forward search to the d2th gene on the hX , if 2 0d , go 
on.

Step2.2: Exchange the (m-1) th gene and the d2th 

gene on the 'hX . 

Step2.3: Carry out m=m-1. if 1 2(d d )m , return 
Step2.2. 

Step3: Follow the step below. 

Step3.1: If 1d len , randomly generate an integer d2 
between [0, len-d1], it means the d1th gene start forward 
search to the d2th gene. If 2 0d , go to the step3.2. 

Step3.2: Exchange the (m+1)th gene and the d1th 

gene on the 'hX , If (X ') (X )h hf f , set 'h hX X . Go  to 
the step3.3. 

Step3.3: Carry  out 1m m . If 1 2(d d )m , go 
back Step3.2 

III. RESULTS 

A. The results of simulation and analysis 
To test the performance of the improved discrete 

particle swarm algorithm, the numerical simulat ion tested 
and matched the eleven typical JSP test (FT06, FT10, 
FT20, LA01, LA06, LA11, LA16, LA21, LA26, LA31, 
LA36) respectively. The scale and theory optimal solution 
of the eleven test example as shown in Table III. 

TABLE III
THE SCALE AND THEORY OPTIAL SOLUTION OF THE TEST  

problem n, m *C problem n, m *C
FT06 6,6 55 LA16 10,10 945

FT10 10,10 930 LA21 15,10 1046

FT20 20,5 1165 LA26 20,10 1218

LA01 10,5 666 LA31 30,10 1784

LA06 15,5 926 LA36 15,15 1268

LA11 20,5 1222

Related algorithm parameters are as follows: the 
problem of population size is set to double the size, 

2G n m , the maximum iterations 1000pN ,

inertia weight 0.95 , cognitive coefficient 1 0.95c ,

social coefficient 2 0.9c . The stop criterion of the 
algorithm is the iterat ions become the maximum or the 
optimal 300 consecutive generation no longer updated. 

The algorithm of this paper used are IDPSO,  DPSO 
and BPSO, then random independently run 30 times for 
every test example. DPSO shows that it do not use local 
search algorithm on the basis of IDPSO, the algorithm 
parameters are consistent with IDPSO. BPSO is referring 
to the fundamental particle algorithm, The parameter is 

set to 1 20.9, 2c c . 

B. Simulation Result
As a general rule, the optimization ability is the 

assessment criteria of the comparison test of the algorithm. 
By using relat ive error to represent the optimization 

ability of the algorithm, 
* *

max(C C ) / C 100% , maxC : 
the optimal solution of mult iple independent operation. 

*C : the theory optimal solution of each test , 
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* *( ) / 100%BRE BF C C : the optimal relative 

error percentage. 
* *( ) / 100%ARE AF C C : the 

average relative erro r percentage 
* *( ) / 100%WRE WF C C : the worst relative error 

percentage. 
Among that, BF, AF, WF represent the optimal 

solution, the average optimal solution and the worst 
optimal solution when the algorithm performs thirty t imes 
respectively. 

The paper also list the relevant results about HDE [8,
9] and HDPSO [10]. Then according to the calculation 
results, comparing the value of three kinds of algorithms: 

Fig.1. BRE comparison chart  

Fig.2. BRE comparison chart  

Fig.3. WRE comparison chart  
From Fig.1, we can know that the BRE of IDPSO 

slightly greater than 4% except the FT20 example, the rest 
were greater than 4%. But some BRE of DPSO and BPSO 
all reach to about 10%. It shows that the global 
convergence ability of IDPSO better than DPSO and 
BPSO obviously. 

From Fig.2 and 3, we can get that the IDPSO has a 
better optimization ability, and the ARE and WRE 
fluctuate less relatively, and the stability is perfect. In all, 
we can see that the IDPSO is competent on the optimizing.  

IV. CONCLUSION 

Based on the basic particle swarm optimization 
algorithm and the analysis of the basic principles  of job 
shop scheduling problem, an improved discrete particle 
swarm optimization (IDPSO) is proposed in the paper. 
The future will use other algorithms for the exp loration of 

the field 
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Abstract - The concept of error matrix and the matrix 
representations of error decomposition and combination are 
proposed in the paper firstly, and then the paper points out 
that how the error occurs can be described as 1uuT , and 
the paper focuses on studying how to get one element when 
the other two are known in this equation. In the last part of 
this paper how to get T is solved by the example about the 
things decomposition in traffic management of Guangzhou.

Keywords - Decomposition, error matrix, error 
decomposition and combination, matrix 

I. INTRODUCTION 

1% of the error will lead to 100% of the failure, 
which means 100 minus 1 is not equal to 99 but equal to 0.
Such as  window 
butterfly  These cruel facts make us realize that 

any small mistake in the management work will bring 
destruction [1-3]. 

There are many ways to solve the mistake, for 
example 2004 years ago too many bus-lines stopped in the 
same stand dock in  Guangzhou and lead to traffic  congest 
and traffic jam [4, 5]. Later, the traffic administrative 
department adopted the things decomposition method, the 
former one dock was divided into adjacent 2-5, and the 
buses could stand partly, so the road was not crowded. 
Another example, when people move a machine which is
greater than the door into the house also use the things 
decomposition method, first to decompose the machine 
into subsystems which less than the door, and then to 
assemble them in the house[6-10]. 

How the error occurs can be described as 1uuT , 

in which T means the decomposition, u means the 
object studied, and 1u means the target object of the 
problem needs to be solved [11]. So to study the 
mechanis m and the law of the error in  the economy 
management is to get one element when the other two are 
known in this equation. 

II. THE CONCEPT OF ERROR MATRIX 

Define 1.1 suppose [12] 
111 112 11 11 111 112 11 11 111 112 11 11

111 112 11 11 111 112 11 11 111 112 11 11

111 112 11 1

(( , ,..., ), ) (( , ,..., ), ) ... (( , ,..., ), )
(( , ,..., ), ) (( , ,..., ), ) ... (( , ,..., ), )

... ... ... ...
(( , ,..., ),

k k k

k k k

k

u u u x u u u x u u u x
u u u x u u u x u u u x

A

u u u x 1 111 112 11 11 111 112 11 11) (( , ,..., ), ) ... (( , ,..., ), )k ku u u x u u u x

be a nm  error matrix with k elements. 

III. THE MATRIX REPRESENTATION OF ERROR 
LOGIC TRANSFORMATION 

It is can be known that each column  of the matrix 
can be defined as a  decomposition transformation by the 
definit ion of matrix multip licat ion. And it can act on each
element of the matrix on its right [13]. 
Define3.1 
Suppose

tGptuftxtLtTptSUxu u,,,,,,,, 111111

10 10 10 1 2 10 10 10 10 1 10 10

11 11 11 1 2 11 11 11 11 1 11 11

1 1 1 1 2 1 1 1 1 1 1 1

, , , , ,

, , , , ,

, , , , ,

n U U

n U U

t t t n t t t t U t U t

U S t p x x x T t L t x t f u t p G t G t

U S t p x x x T t L t x t f u t p G t G t

U S t p x x x T t L t x t f u t p G t G t

G t G10 10t G10 10Ut G10 10U

G t GG G11 11UG t G

G t GG t G1 1t1 U t1

And  
tGptvftytLtTptSVyV V,,,,,,, 222222

20 20 20 1 2 2 2 20 20 2 10

21 21 21 1 2 21 21 21 21 2 11

2 2 1 2 2 2 2 2 2 1

, , , , , ,

, , , , , ,

, , , , , ,

n V V

n V V

t tt t n t t t t V V t

V S t p x x x T t L t y t f u t p G t G t

V S t p x x x T t L t y t f u t p G t G t

V S t p x x x T t L t y t f u t p G t G t

G t G 10p20 G t G 10, V Vp20 G G 10, V Vp20

G Gp G t G 11, V VG t Gp21p

G t Gp G t G 1, V V t1p2

        

And 
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,
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,
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k
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u u u x

u u u x
A u x
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2u x2k2k2
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k
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w w w x y

w w w x y
A B

w w w x y

w1k1kw1w1

w2k2k22

mkwmk ,w k ,

Every element of the matrix above is null if
miyxi ,2,1 , otherwise 

iikiiiikii xuuuyxwww ,, 121121

and mhuhhuuv 21  are hold. Then A can be named  
as the decomposition transformation of B. 
Define 3.2 Suppose [14]
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m m mk m

u u u x

u u u x
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u u u x
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Then, 
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mmk yxyxyxwwwzwAB 221121 ,,
and

mJJJmJJJJ hvhhvvhuhhuuW 2121
,

mm yxyxyxz 2211
, which is the 

target error value after the combination. For example if
mixy ii ,,2,1  and mxxxz ,,,max 21 , then 

mm yxyxyxz 2211 is met. Then A
can be named as the combination transformation of B. 

From here we can see that the relationship of
decomposition transformation and combination 
transformation is just like the relat ionship of the 
multip licat ion which  mult iply things from right to left and 
the multip licat ion which mult iply things from left to right 
in the matrix multiplication. 

IV. THE EXAMPLE OF THINGS DECOMPOSITION 

Suppose U {Matters involved in the traffic of
Guangzhou}, tS {The traffic of Guangzhou from 2007 
to now}, p {The location of Guangzhou traffic}, 

tT {Traffic congestion}, tL { a%(the road width),
b% (the crossroads width, , )}, tGU {The traffic  
rules and regulations, the goal of Guangzhou traffic  
system}, tGptuftx U,,,  [15, 16]. 

So tGptuftxtLtTptSUA U,,,,,,,
is one error logic variable. 

And 

tGtGptuftxtLtTptSU
tGtGptuftxtLtTptSU
tGtGptuftxtLtTptSU
tGtGptuftxtLtTptSU
tGtGptuftxtLtTptSU
tGtGptuftxtLtTptSU
tGtGptuftxtLtTptSU
tGtGptuftxtLtTptSU
tGtGptuftxtLtTptSU

B

UU

UU

UU

UU

UU

UU

UU

UU

UU

,,,
,,,
,,,
,,,
,,,
,,,
,,,
,,,
,,,

9

8

7

6

5

4

3

2

1

Therein, tS1 {Buses in Guangzhou traffic from 
2007 to now}; tS2 {Private cars in Guangzhou traffic 

from 2007 to now}; tS3 {Lorries in Guangzhou traffic 
from 2007 to now}; tS4 {The road surface in
Guangzhou traffic from 2007 to now}; tS5 {Road 
facilit ies in Guangzhou traffic from 2007 to now}; 

tS6 {Traffic management rules in Guangzhou traffic  

from 2007 to now}; tS7 {Pedestrian in Guangzhou 

traffic from 2007 to now}; tS8 {Traffic management 
software}; tS9 {Other relevant things in Guangzhou 
traffic from 2007 to now}. 

tGtGptuftxtLtTptSU

tGtGptuftxtLtTptSU
tGtGptuftxtLtTptSU

T

UUxxx

UUxxx

UUxxx

fsw

n

n

n

1818118181818,,,181818

1111111111111,,,111111

1010110101010,,,101010

,,

,,
,,

21

21

21

So we can get BATfsw
' , that is

BtGptuftxtLtTptSUT Ufsw ,,,,,,, . 
Because it is a things transformat ion, so elements of

things column are d ifferent, but the rest are the same in
the corresponding matrix. So we can get the thing 

transformation fswT by solving the following equation set: 

.
;
;
;
;
;
;
;
;

990

880

770

660

550

440

330

220

110

tStStS
tStStS
tStStS
tStStS
tStStS
tStStS
tStStS
tStStS
tStStS

It is can be known by the composition of this 
equation set that this equation set has solution only 
when

tStStStStStStStStStS 987654321
  

is hold, so let 

.
;
;
;
;
;
;
;
;

990

880

770

660

550

440

330

220

110

tStS
tStS
tStS
tStS
tStS
tStS
tStS
tStS
tStS

be hold, so the solution of this equation is:  
BTfsw

We can known that this solution is coincide well 
with the practice, things decomposition is to divide tS
into tStStStStStStStStS 987654321

. 
It is also further proved that to express the transformation 
by matrix is correct.  

A can also be broken down further. For example: 

tGtGptuftxtLtTptSU

tGtGptuftxtLtTptSU
tGtGptuftxtLtTptSU
tGtGptuftxtLtTptSU

UUn

UU

UU

UU

,,

,,
,,
,,

3

2

1

Therein, tT1 {Traffic congestion caused by
hardware}; tT2 {Traffic congestion caused by
software}; tT3 {Traffic congestion caused by
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emergency}; tT4
{Traffic congestion caused by multi-

factor} and so on.

V. CONCLUSIONS 

Error- elimination transformat ion can be expressed 
by error matrix in  the erro r eliminating theory, such as

1)( uuT , and any unknown can be got by solving the 
matrix equation, which provides methods to avoid and to
eliminate error in theory and practice.
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Abstract - This article is based on the characteristics of 
the field maintenance service for agricultural machinery, 
proposing a kind of emergency service mode in which 
agricultural machinery enterprise sets up emergency service 
station composed of maintenance vehicle in the rural to 
supple the existing fixed service ability at the busy farming 
season. By establishing the mathematical model and using an 
adapti ve genetic algorithm, temporary service station 
location and service range are determined. The model is 
verified that enterprise can improve the service level and 
reduce the maintenance cost by an illustration.

Keywords - Adaptive genetic algorithm, agricultural 
fault, emergency service stations, location, site maintenance 

I. INTRODUCTION 
With country supporting agriculture v igorously, 

agricultural mechanization has achieved an unprecedented 
development meanwhile after-sales maintenance service 
level o f agricultural machinery also has got corresponding 
improvement. In order to improve the market 
competitiveness, agricultural machinery enterprises must 
improve the service level and increase farmers' customer 

characteristics that include uncertainty of occurrence time, 
location and quantity, and farmers  often have to  spend a 
lot of time and cost to make agricu ltural machines resume 
their work. It not only  hinders the normal of agricultural 
product operation, but also greatly reduces the customer 
satisfaction. In order to solve the problem, setting up 
emergency maintenance service system for agricultural 
machinery is the key, which emergency service station 
site selection is the primary task. 

At home and abroad, the research about emergency 
facility location problem has had certain development. 
Reference [1] puts forward the emergency facility 
location problem for the first time. Since then, in view of 
the problem, the main research model has set covering 
model, maximum coverage model and value model, etc. 
At the same time, the optimization algorithm of the model 
proposed successively, including the accurate algorithm, 
analytic hierarchy process (AHP), genetic algorithm and 
ant colony algorithm, etc. Reference [2] puts forward a 
covering model to determine the service station location 
and the number of configured service personnel, in which 
minimize costs and ensure the response time. However, it

Reference [3] puts forward  facility 
location problem in the case of demand uncertainty, 
aiming at minimizes sider 
the influence of the existing rescue facilit ies. Reference [4] 

constructs the loss min imization model, regarding the 
demand cannot meet the losses as the breakthrough point. 
Emergency system is mostly used in the rescue, medical, 
fire and other fields, but maintenance service research for 
agricultural machinery breakdown is very lacking [5]. 

This paper establishes a mathematical model based 
on agricultural machinery fau lt characteristics during the 
busy farming, considering the existing service station, and 
proposes an adaptive genetic algorithm to solve the 
multip le emergency service stations position in the rural. 
Thus, the emergency maintenance network for 
agricultural machinery is set up, which supplies service 
ability, reduces response time, improves service levels, 
and reduces the maintenance cost of the enterprise. 

II. PROBLEM DESCRIPTION 
At present, typical enterprise after-sales maintenance 

services of domestic agricultural machinery 
manufacturing uses a cooperation model that local dealers 
is given free agent to provide spare parts while 
agricultural machinery manufacturing enterprises pay the 
corresponding maintenance costs. In this case, dealers as 
service stations are directly responsible for after -sale 
maintenance of agricultural machinery.  

Through the analysis of the characteristics of 
agricultural machinery fault, this article d ivides it into two 
categories: The farm machinery fau lt has influenced 
seriously the operation of agricultural machinery. So 
farmers have to wait to continue to work production after 
complet ion of maintenance; another type of failure does 
not affect the operation of agricultural machinery, in this 
case, the farmers are more willing to take time to rush in 
the harvest. For the first kind of failure mode, the paper 
establishes a kind of emergency maintenance system. 
Because of the uncertainty of the agricultural machinery 

time, location and demand, and the 
limit less of dealer locations and service ability, servicer 

which leads to severely reduce the 
customer satisfaction. Especially in the growing season, 
agricultural machinery faults force farmers stop to wait 
for repair, and dealers are often located in the center of 
the city whose physical distance from the fault occurred 
hinders complet ing maintenance tasks in time. Thus, 
influence of agricultural work lowers the service level 
seriously. 

Therefore, establishing emergency maintenance 
system by agricultural machinery enterprises during 
farming rush, namely establishing emergency service 
station in the rural, equipped with maintenance vehicle, is 
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effective way to fill the inadequacy of ability of dealers 
and improve the ability of the enterprise service. In order 
to use this method, this paper solves the following 
problems: the location of the emergency service station, 
the service scope of emergency service station and 
existing service station. 

III. MODEL

A. Assumption
maintenance vehicle of dealers and farm machinery 

manufacturing enterprises can repair all types of faults;  
each farm machinery fault is repaired  by only one 

service station;  
the speed of maintenance vehicle is constant;  
transportation cost is proportional to the driv ing range, 

due to the constant speed, so the transportation cost is 
proportional to the driving time; 

know agricultural machinery fault occurrence t ime and 
location;  

each service station service capacity is enough; the 
number of maintenance vehicle is infinite. 

B. Mathematical model
Based on the above hypothesis, the mathematical 

optimization model was established as follows: 

1min = a (1)ij ij
i I j J

V t z

2min = (2)j j
j J

V b x

3
-

min = +(1+ ) (3)j j
j F j J F

V x x

=
=1, I  (4)ij

j J
y i

(5)ij ijt y T
(6)ij jy x

, 0,1 , , (7)j ix y i I j J
 In formula: I is maintenance points set, i=1,2,3 ;  J is 
new emergency service station points set, j=1,2,3 ;  F is 
original service station points set; a is transportation cost 
per time;  is a strength factor, the higher the cost of a 
new service station is, the greater the coefficient is; bi is 
the fixed fee for establishing service station; T is the 
limited response time; tij is time of service station j to the 
maintenance point i; xi indicates whether or not to set up 
the service station, if service station j is established, xi =1, 
otherwise, xi =0. yij indicates whether or not service 
station j services maintenance point i, if service station j 
services maintenance point i,  yij =1, otherwise, yij =0. 

In this mathematical model, (1) is the objective 
function which means that min imize the total time of 
response time; (2) is the objective function that minimize 
the total fixed  charge; (3) is objective function that keep 
the existing service stations as much as possible, if they 

must be retained for all, neglect (3). Equation (4) to (7) is 
restraint conditions, (4) makes sure each maintenance 
point has service station for its services; (5) represents the 
time of each emergency service station to its maintenance
point must be no more than T;(6) ensures that service 
station can send its service to a maintenance point only 
under the condition that the candidate sets up service 
station.

C. The evaluation index
The layout of service point can be proved reasonable 

by service level basically. Economy mainly refers to the 
maintenance costs, due to the emergency service point is 
composed of car maintenance, so the fixed costs only 
include rental costs of staff recreation sites,so this article 
assumes that the maintenance cost combines 
transportation costs and the rental cost of emergency 
service station.  

Service level mainly  refers to the response time of 
service station, contains a single service point average 
response time Tj

ave which is calculated by (9) and the 
average response time of all service points Tave which is 
calculated by (10).

= 8j ij ij
ave

i I

t xT n

     T = 9
j

ave
ave

j J

T
p

 Among them, n is the number of the maintenance 
station, p is the number of service stations. 

IV. OPTIMIZATION ALGORITHM 

A. Chromosome Coding 
By analyzing the model, the b inary coding method is 

a suitable method which is simple and feasib le. The coded 
character set made by the binary symbols of one and zero 
is binary notation set {0, 1}. The indiv idual genotype is a 
binary code strings. Chromosome coding length is 
determined by the number of candidate service stations; 
meanwhile, each code position corresponds to a candidate 
service station. Assuming n is the number of candidate 
service station, that is to say, each chromosome has n 
genes which are one or zero, and zero represents the 
service station is not to participate in the agricultural 
machinery service network while one represents it. For 
instance, chromosome coding was [010001] for six 
candidate service stations while represents the second 
station and the sixth candidate service stations are 
selected. 

B. Fitness Function  
Fitness function is a kind of criteria to distinguish 

individual species according to the objective function, so 
the fitness function is  evaluated through the objective 
function. For more than one goal function, this paper uses 
the linear weighted sum method to make the mult i-
objective function into single objective function. 
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According to different target importance, this article g ives 
different target weights intuitively to show the influence 
of different target tendency for service stations location, 
then integrats various aspects demanding to optimize 
service point location. Weighting function (10) as follows: 

=1
=1, 0, =1,2,3 10k k

k
k

k is the weight of K objective function. 

=1
min = 11k k

k
F V

Objective function is (11), the fitness function (12) 
as follows: 

max=C -F (12)Fit
Cmax is the biggest estimate of F.

C. Selection Operator 
Genetic algorithm uses selection operator to weed 

out a group of individuals. This article uses the method 
combin ing the rou lette wheel selection  and optimal 
preservation strategy to select the next  generation. 
First ,use the roulette wheel selection method which the 
probability of each indiv idual in the next generation is 

otal 
individuals fitness value.The higher the fitness value, the 
greater the likelihood of being chosen. And then use the 
optimal preservation strategy, that is, the highest fitness in 
current population individuals doesn't participate in 
crossover and mutation operations ,while rep lace the 
lowest fitness of the individual in the next generation 
populations directly.By this method can avoid destroying 
the fitness of the best individual in the group which due to 
the randomness of genetic operations,at the same time, 
improve the global search ability of the algorithm. 

D. Crossover and mutation operator 
Crossover operation is the main method to generate 

new ind ividual, thus determines the genetic algorithm 
global searching ability; Mutation operation is auxiliary 
method to generate new individual, which determines the 
local search ability of genetic algorithm [6]. In order to 
ensure that "rapid convergence", genetic algorithm hope 
group as soon as possible get to the optimal state 
transition, this reduces the diversity of the individuals in 
the group and makes the algorithm "premature". 
Guarantee the global optimal, that is, maintain the 
diversity of the individuals in the group to avoid falling 
into local ext remum, but that is at the expense of the 
convergence speed. Adaptive pm, pc are able to dynamicly 
provide the best value according to the centration of 
current fitness.Adaptive formula is (13) and (14):

min

min max max
max

, ( >0.8 >0.8 n<50)
1-=

            ,others                   13

c ave

c

c

P Fit Fit
Fit Fit Fitp Fit

p

min

min max max
max

50

, ( >0.8 >0.8 n<50)
1-=

0.9             ,others                   14

m ave

m

n
m

P Fit Fit
Fit Fit Fitp Fit

p
The ratio of maximum and min imum fitness value 

can reflect the concentration of the whole group, that is, 
the more Fitmin/Fitmax closes to 1, the more group 
concentrates. The ratio of average and maximum fitness 
value can reflect the concentration of internal g roup, that 
is, the more Fitave/Fitmax close to 1, the more group 
concentrated. 

At the beginning of the evolution, that is, the number 
of iterations is less than 50, for the sake of rapid 
convergence and finding  global optimal solution,  this 
article assumes that, if Fitmin/Fitmax>0.8 and 
Fitave/Fitmax >0.8, the group focused, and pm, pc carry out 
adaptive changes in accordance with the above 
formula(13), otherwise, keep the in itial value. In late 
evolution, in order to guarantee convergence, use 
(14),among it,n is the number of iterations.

Cross intersection method ueses a single point, 
namely,in accordance with the crossover probability, pick 
two chromosomes in a population ,and then set an 
intersection within  the scope of the chromosome length 
randomly.The parts of two individual carried on the 
exchange, so we generate two new individual [7, 8].

Mutation method is the basic variat ion which the 
value of certain genes in  indiv iduals changes, namely, 
according to the mutation probability, take randomly 
mutation point position, and then the value in the mutated 
gene changes opposite value. Finally, forms a new 
individual. 

E. Termination conditions  
Genetic algorithm has a variety of termination 

conditions, one is when the largest fitness value and the 
average fitness value tends to be stable; The second is 
when the genetic iterations or algebraic reaches preset 
value; The third is when a group of optimal fitness value 
reaches the a given value [9].

This paper termination method is: maximum fitness 
does not change in 30 generations, algorithm stops. 

V. EXAMPLE VERIFICATION 

Take the maintenance area responsibled by Laiyang 
Feng Ge Zhuang Chia agricultural repair shop as a 
example, take a set of maintenance data during busy 
season, such as Table I. Select eight candidates for 
emergency service points in  the region  based on the 
factors of actual geographical, social and economic,which 
location, rental costs are known [10-12]. 

Feng Ge Zhuang Chia agricu ltural repair shop is a 
identified service station, so the chromosome coding is a 
binary sequence of length 9 with a starting point 1. 
Parameters set, the initial value of crossover probability pc

is 0.5, and pm is 0.05. Maximum estimated value of fitness 
Cmax is 2500, the objective function weights are all set to 1. 
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Traveling speed of maintenance vehicles is 50 km /  h, the 
cost per time is a = 2.5, the maximu m response time T is 
40min. Get results by Matlab. 

TABLE I 
MAINTENANCE POINTS DATA 

Num. Maintenance point Latitude and longitude
1 Okara Village 121.373309,36.762793
2 Wali village 121.30197,36.752716
3 Young Village, 120.611628,36.742797
4 Chengyang Village 121.210728,36.801828
5 Matsuyama Village 120.875163,37.417165
6 Tingkou Village 121.022207,37.323749
7 Canggezhuang Village 121.014194,37.489735
8 Tangezhuang Village 120.603722,37.125921
9 Dayanjia Village 121.12938,36.692236
10 Xinda Village 121.352963,36.759533
11 Dongcun Village 121.235294,36.800354
12 Shangyijia Village 121.239111,36.949103
13 Suozhiqian Village 121.12994,36.911579
14 Songjia Village 121.341365,36.771907
15 Dayangjia Village 121.136732,36.695123
16 Wanliu Village 120.836442,37.00208
17 Daxiejia Village 120.836442,37.00208
18 Jinling Village 120.305229,37.400855
19 Taocun Village 121.142524,37.184617
20 Fangyuan Village 121.435988,36.781659
21 ChengyangVillage 121.154707,36.827325
22 Liugezhuang Village 121.323358,36.811829
23 DaxinjiaVillage 121.374377,36.754733

Total cost  2080              average time  3.2h
The allocation of Maintenace points is  shown in 

Table II. From the Fig.1, the existing service point, 
namely Chia repair shop, is not allocated to any 
maintenance point, showing its location is unreasonable, 
but it is a fixed service station whose relocation needs a
large costs, so in reality, we can regard it as a superior 
service station .When a more complex fault occurs which 
the underlying point of th
afford to repaire, it can solve this kind of fault [13, 14]. 

TABLE II
TTE LOCATION OF MAINTANEANCE POINTS 

Num. Responsibled
Maintenance
points

Average 
response 
time
(min)

Total 
average 
time 
(min)

Total 
cost(RMB)

1 no no
3 1,4,10,21,23 22
5 3,8 28
6 5,18 18.5 20.6 1427
7 6,7,17,19 19.5
8 11,16,20 17.5
9 29,12,13,14,15,22 18.3

Fig.1. Service points distribution 
Optimal iterative figure is Fig.2 which shows 

optimization process. Fig.1 shows service points 
distribution which is visual expression of Table II. 

When using the only fixed  service station,enterprise 
costs 2808 yuan, with an average response time of 3.2h, 
while as is shown in Table II, it can costs only 1427 yuan, 
with total average response time of 20.6 minutes by the 
new service station layout.Therefore, the proposed layout 
mode of service station is rational and effective [15]. 

Fig.2. Optimal fitness iteration curve. 

VI. CONCLUSION 

This article proposes a kind of service model based 
on the characteristics of agricultural failure in the busy 
season, which the agricultural enterprises send a lot of 
maintenance vehicles to the country to build emergency 
service stations which can supply existing service 
capabilit ies. Then, establish a mathematical model, and 
use an adaptive genetic algorithm to obtain the location 
and scope of services emergency services station. That 
model is verified by an example of a certain maintenance 
that can reduce maintenance costs and improve service 
levels. But the article does not consider the number of 
maintenance vehicles configuration in each emergency 
repair service station, so the maintenance costs will not 
combine the cost of maintenance personnel. Future 
research will improve this aspect. 
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 Abstract - In this study, we consider a single echelon 
supply chain in which a retailer replenishes inventory from 
two vulnerable suppliers whose supply could be affected by 
in/out-bound disruptions sporadically. Under a stochastic 
demand setting, a dual-sourcing policy with a supplementary 
supplier is introduced to mitigate the profit losses for the 
retailer. We built mathematical models to evaluate the 
performances of the retailer under single and dual sourcing 
policies respectively. The study shows that a risk-neutral 
retailer will prefer a dual sourcing policy that makes him 
carry more inventory from a more robust supplier when 
facing two-sided disruption risks. Furthermore, the retailer 
performances in terms of total profit are overwhelming under 
scenarios where the supplementary supplier is less, median 
and more robust to risks. Our mathematical models is 
examined through numerical examples and the results 
provide important guidelines for implementing sourcing 
policies when two-sided disruption risks is considered.

Keywords - Dual sourcing, inventory replenishment, 
supply chain disruption 

I. INTRODUCTION 
Global competition features efficient operations in 

supply chain integration and coordination. To gain the 
competitive edge, more and more companies engage in 
improving the vendor-buyer relationship. Supply chain 
disruptions and hedging risks are considered the most 
pressing concerns facing business competing in today's 
global marketplace [1]. A disruption could result from an 
unplanned or unanticipated occurrence which brings huge 
and unintended losses for the supply chain in comparison 
with normal supply/demand complex interactions. 
Examples of these include the 9/11 terrorist attacks, the 
devastating earthquake and nuclear crisis in Japan 2011, 
severe flooding during monsoon season in Thailand 2011,  
the lightning strike at the Philips NV microchip plant in 
New Mexico, or the shutdown of all air traffic due to a 
volcanic eruption in Iceland. These events caused the 
variation of damages that decrease value-added activities 
in a chain. Therefore, building trustworthy relationships 
between suppliers, retailers and contractors becomes more 
and more important when dealing with disruption 
management and supply chain risks hedging [2]. 

A single entity in a supply chain can be vulnerable to 
supply disruptions, but if there is more than one supply 
source or if alternative supply resources are available, then 
the risk of disruption would be reduced [3]. Thus, our aim 
is to show the adaption of triangular relationships between 
one retailer and two suppliers who facing two-sided 
disruption risks are preferable than that in the one-to-one 
bilateral supply chain. We consider a dual-sourcing 
newsvendor model by building mathematical models in a 
one echelon supply chain facing stochastic end demand. 

Our study concludes that the dual sourcing policy for the 
retailer can improve his performance when both suppliers 
are vulnerable to their in/out-bound environment risks. 

Supply chain disruption management theories and 
practices provide alternative ways to hedge against supply
side risks. One of the most common policies is 
flexible/mult iple-sourcing that firms use it to a variety of 
strategic reasons, such as hedging against supply 
disruptions and safeguarding against predatory 
monopolistic practices [4]. While academics and 
practitioners argue that supply chains have become more 
vulnerable to disruption due to global competition in the 
last few years [5]. Building a multi-sourcing channel could 
significantly reduce the losses from supply chain 
disruptions. Cisco and Apple, leaders in the 
communication technology industry, provided good 
examples. Thanks to their sophisticated supply chain 
disruption management strategies, they were able to assess 
the impact of the disruption for their suppliers in 12 hours 
when the tsunami catastrophe struck Japan in March 2011 
[6]. The sale for Apple's iPad2 went on just hours after the 
tsunami hit. With consolidated relationships with suppliers, 
Apple was capable of dealing with subsequent shutdowns 
caused by stock shortages and long delays in deliveries [7].  

One of the vanguard and important studies concerning 
uncertainty framework is to characterize a product when 
seeking to devise the right supply chain strategies. His 
framework specifies the two main key uncertainties, i.e., 
demand and supply, and matches for supply chain 
strategies to the right level of demand uncertainties [8]. 
Another work as in [3] expanded this framework to include 
supply uncertainties. A dual sourcing policy is built to deal 
with such uncertainties. It implies that the buyer 
replenishes inventory from two suppliers in the same time 
(or may not). One of the supplies may dominate the other 
in terms of business share, quality, price, reliability, and 
others. Two significant research contributing in the field of 
inventory management for dual-sourcing policies are 
presented as in [9] and [10]. Both research considered a 
retailer who faces constant demand and replenishes from 
two identical-cost, capacitated suppliers subject to specific 
production failure rates. The assumptions in their models 
that demand is constant and the suppliers have identical 
cost structures are often not the case in reality. A recent 
comprehensive overview on supply disruption literature is 
provided by Snyder et al. [11]. There are research not only 
highlighted the long-term negative effects of supply chain 
disruptions but also contributed relevant insights into 
related issues such as supply chain disruption strategies [5] 
[12].
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In the past few years, there has been a substantial 
increase in supply chain disruption related fields applying 
different research methodologies to evaluate the impacts 
and its managerial implications. One stream of the existing  
publications are based their efforts on empirical qualitative 
studies, e.g., [13] and [14]. While some other studies utilize 
available secondary data bases and archival data to analyze 
the impact on supply chain disruptions [15].  

While disruption management in supply chains has 
drawn extensive attention in academia in recent years, the 
modeling of multi-sourcing is still in an embryonic phase. 
Thus, we construct triangular retailer-supplier relationships 
by mathematical models to clarify the benefits of a dual 
sourcing policy under two-sided supply risks. 
  

II. SINGLE AND DUAL SOURCING 
REPLENISHMENT 

Our research will first present a single sourcing policy as 
the baseline under stochastic demand, and then we will 
construct a newsvendor model within a dual sourcing 
scenario by incorporating a secondary supplier under two-
sided disruption risks. In this scenario, the retailer split his 
order between two non-identical suppliers simultaneously. 
Then, a numerical example will be performed to illustrate 
the performances of the retailer.  

We consider in and out-bound disruption risks in a one-
echelon supply chain. One type of risk is considered when 
the suppliers are vulnerable to its environment, i.e., natural 
disasters or unexpected accidents. The probability of such 
event occurrence is defined as  for each supplier i, where 
i= 1 or 2. When such an undesirable event happens, only a 
proportion of the initial ordered quantity could be delivered 
on time and thus the retailer will encounter a loss from 
goodwill cost due to the shortage. The other disruption risk, 
defined by , is characterized by the featur

react and recover from a specific disruption event. 
Whenever a disruptive event happens in the environment 
of supply chain, at probability , the supply of the product 
will endure a difficult situation. Therefore, the 
corresponding quantity delivered will diminish to a portion 

, where  is the initial 

  the probability of environmental disruptions for 
supplier  ( ),

  the recovery ability when supplier  faces 
disruptions ( ) , 

  the on-time delivery rate for supplier  ( ),
, 

  the wholesale prices for supplier  ( ),
  
  the retail price, 
  the unit salvage value, 
  the customer demand with probability density 

function f(x) and cumulative distribution function F(x). 
Without loss of generality, the retail price  is assumed 

greater than the wholesale price  ( ) and the 

will be greater than the salvage value  ( ). We 
assume, for simplicity, there is zero order lead time for 
each supplier and zero setup cost for retailer. One single 
batch is allowed in a single selling period and no 
emergency order and backorder.

In a single sourcing scenario, the retailer needs to 
determine an order quantity  to the sole supplier in the 
beginning of sale season. Without any disruption, i.e., the 
probability  the retailer s expected profit is 
obtained based on newsvendor analysis. When out-bound 
disruptions happen with probability , the supplier can 
only deliver the quantity of to the retailer. 

Taking both situations into account, we obtain the 
retailer s expected total profit in equation (1) 

.          (1) 
The retail is assumed to be a risk-neutral decision-maker, 

therefore he will order the quantity that maximize his total 
profit based on the necessary condition . We have 

 (2) 
Proposition 1. In a single sourcing policy under 

stochastic demand scenario:
 is 

concave in . 
(ii) The optimal order quantity , that maximize ,

can be obtained by equation (2).  
The proof of Proposition 1 can be easily obtained and is 

omitted. Based on the Proposition, the retailer thus will be 
guaranteed to achieve his global maximal profit based on a 
specific decision on .

After considering the sole sourcing policy, we construct 
the dual sourcing scenario in a similar vein. When the 
retailer adopts a secondary supplier, his/her decision will 
be the order quantities i.e.,  and , simultaneously to 
suppler one and suppler two respectively. In the same time, 
supplier one and two face different disruptions probability 

 and  respectively. When disruptions happen, supplier 
one could only deliver quantity of  and supplier two 
can only deliver quantity of  to the retailer 
respectively.

Unlike the previous settings , there will be four possible 
circumstances in dual sourcing settings when the retailer 
place his orders to these two suppliers simultaneously: 
(I) Both suppliers do not encounter any disruptions, with 
a probability , and the order quantity will 
be received on time without any shortage. The expect total 
profit for the retailer is , where 

 +

.           (3) 
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(II) Disruption could happen solely on supplier one and 
that makes him discount initial order quantity  to 
while the other supplier remains delivery quantity . The 
probability for this circumstance is  . Thus, the 
expect total profit for the retailer is , where 

.          (4)
(III)  Disruption could happen solely on supplier two and 
that makes him discount initial order quantity  to 
while the other supplier remains delivery quantity . The 
probability for this circumstance is . Thus, the 
expect profit for the retailer is , where 

+

     (5) 
(IV) Disruption could impact these two suppliers in the 
same time at a probability . Thus suppliers will be 
forced to diminish their quantities delivered, i.e.,  and 

 respectively. Thus the retailer s expect total profit is 
, where 

.        (6) 
Finally, taking four circumstances above into account, 

s expected total profit now can be calculated by 
tallying up equations (3), (4), (5) and (6) as follows: 

                              (7) 
In a dual sourcing setting, the decision for the retailer is 

to find optimal quantities  and  which ordered from 
supplier one and two to maximize his/her expected total 
profit. To maximize , we equate its partial 
derivatives to zero, i.e.,  and . Since 

 is continuously differentiable and strictly 
concave on its domain, this approach works. We obtain 
equation (8) and (9) accordingly as follows. 

.    (8) 

.    (9) 
Proposition 2. In a dual sourcing policy under stochastic 

demand scenario:

(i) The retailer s total expected profit function  is 
concave in  and . 

(ii) The optimal order quantity,  and , that 
maximize , can be obtained by solving equations (8) 
and (9) together. 

The proof of Proposition 2 is omitted. Based on the 
Proposition, the retailer thus will be guaranteed to achieve 
his global maximal profit based on specific decisions on  

 and  as it in a sole sourcing scenario. 

III. NUMERICAL ANALYSIS
   

In this section, a numerical study was carried out to 
demonstrate the mathematical behavior of the proposed 
models and to gain some insights into the problem being 
studied. We adopted parameters from the example as in  
[16]. In order to analyze the mathematical models, we 
applied a free software, R (programming language) which 
used among statisticians and data miners for developing 
data and statistical analyses.  

We assumed the customer demand is normally  
distributed with mean value 400 units and standard 
deviation 130 units. The parameters, 
i.e. retail price , goodwill cost and salvage value are 
given respectively. To 
compare the performance of the parameters, we classify 
supplier s parameters (probability of disruptions risk ,
recovery ability and wholesale price ) into three
different level of settings to measure the behavior of 
suppliers. The supplier one is assumed to be a less robust
one with parameters setting featured highest disruption
probability, lowest recovery ability from disruptions and 
hence a less expensive wholesale price accordingly. On the 
other hand, the second supplier is a more robust one with 
lowest probability of disruption, highest recovery ability  
from disruptions and hence a more expensive wholesale 
price accordingly. The setting of a median supplier will be 
in between. Table I shows these three level of parameters
settings
profits.

From Table I, we obtain the on-time delivery rate by 
computing and the retailer s
expected profit in single sourcing policy under three 
level of parameters settings. It is worth noting that the 

t in the median robust parameter 
setting is overwhelming in three circumstances.

Fig.1 presents the effects of
. It shows the 

higher probability of disruptions risk will make the retailer 
order more quantity for the sake of avoiding stock out. 

declines when facing higher supply chain disruptions. 
Fig.2 shows a higher supplier s recovery ability will make 
the supply chain partnership more robust to disruptions 
risks by achieving a higher retailer expected profit. It is 
worth noting that the optimal order quantity is a concave 
function of the supplier  recovery ability. 
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In order to demonstrate the effectiveness of the 
implementation of the dual sourcing policy, we analysis the 

s optimal total expected profit under three levels of 
supplier s parameters settings mentioned before and 
compare with that under a dual sourcing setting. 

TABLE I 
THE PARAMETERS SETTINGS AND RETAILER PROFITS

Fig.1. The effects of disruption risks 

Fig.2. 

 At first, we 
choosing sole supplier under a less, median and more 
robust parameter settings. Then, in dual sourcing, we 
incorporate a secondary supplier and adopt his settings 
from less robust to more robust parameters in each case. 

optimal profits and the results are showing in the Table II. 
I optimal total 
expected profit under dual sourcing settings is higher than 
that under settings at three levels for the secondary supplier. 
From the analysis , we conclude that the dual sourcing 
policy is always preferable compared to a single sourcing 
policy when suppliers are vulnerable to two-sided 
disruption risks under three levels. 

To clarify the differences between the quantities ordered 
from the two suppliers result from the various disruption 
risks facing by the secondary supplier. The supplier one 
parameters are set at a median level and the supplier two is 
changing from the less robust one to more robust settings. 
The results show in Fig.3 the retailer will likely replenish 
more quantity from a supplier who is more robust to risks, 
and on the other hand reduce order quantity from the other 
supplier who is less robust. The retailer s profit increases 
when the secondary supplier faces lower disruption risks 
just as it in sole sourcing scenario.  

TABLE II
COMPARISONS OF RETAILER PERFORAMCE UNDER SINGLE 

AND DUAL SOURCING

  
Fig.3. The effects of various disruption risks of the secondary 

supplier 

IV. CONCLUSIONS 

We propose a newsvendor framework and illustrated the 
differences between sourcing strategies which will provide 
some insights in disruption management of supply chain 
and guidelines for companies. We build mathematical 
models under stochastic demand with two vulnerable 
suppliers and investigate the issues with sourcing strategies, 
e.g., single versus dual sourcing policies. To comply the 
reality, the in-bound and out-bound disruptions risks for 
suppliers are taken into account. It concludes, in a single 
sourcing policy, a higher disruptive risk for the supplier 

while in the same time it undermines his total expected 

Supplier ($) ($)
Less 
robust 0.5 0.1 21 55% 1,850.5
Median 0.3 0.6 23 88% 6,026.2
More 
robust 0.1 0.9 25 99% 5,734.6
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profit. Furthermore, a supplier with higher recovery 

increasing replenishment quantity from such a supplier. It 
is worth nothing that a critical po

inversely after the critical point. 
In a dual sourcing policy, there are delicate trade-offs 

ability and wholesale price. A supplier with a higher 
disruptive probability makes the retailer order less quantity 
and that will lower the retailer total expected profit. 
Intuitively, a higher wholesale price will make such a 
supplier less attractive.  

total expected profit is more 

disruptive probabilities facing the supplier, while the 
pposite of 

the story. It shows a supplier with higher recovery ability 
is more important than the levels of disruptive probabilities 
that the retailer should considered in a priority. In other 
word, the robustness of order fulfillment to risks for the 
suppliers or a consolidating partnerships between suppliers 
will be mostly important for the performance of the retailer.  

The contributions of this research are as follows: 
I.

II.

The possible extensions of the studies could consider 
more complicated supply chains with more tiers or more 
than one selling periods that will be more close to the 
generality of reality. Moreover, a multiple-sourcing policy 
or the adoption of partnership contracts under supply chain 
disruptions are still the prospective directions that can be 
investigated in the future. 
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Abstract - The exploration of special equipment 
accident factor is of great significance for preventing 
the happening of safety accident and ensuring the safety 
work of special equipment. In this paper, the special 
equipment accidents of calendar year are statistical 
analyzed, on this basis, special equipment safety factors 
are ascribed to management, environment, equipment 
and personnel. Through the processing of rough set, the 
incidence of special equipment safety accident levels 
influenced by the above four factors is concluded, and 
factor control measures are put forward accordingly.  

Keywords - Factor, rough set, security, special 
equipment 

I. INTRODUCTION 
Special equipment is the facilities referred for 

safety of life and greater danger. According to 
 safety law of the People's 

boilers, pressure vessels (including gas cylinders), 
pressure pipes, elevators, lifting machinery, 
passenger ropeway, large-scale amusement facilit ies, 
etc, its character includes: 1, casualty which affecting 
public security is easily caused by the accident; 2, the 
risk is bigger, once an accident happens, it is likely to 
cause the group die or injury; 3, the using field is 
wide, involving all aspects of the national economy 
and people's life  [1]. Therefore, the operation and 
safety in operation of special equipment is very 
important. However, special equipment safety 
accidents occur frequently, and bringing heavy losses 
to the people's life and property. The incidence of 
accidents will be effect ively reduced by analyzing the 
reason of the accident and taking improvement 
measures.  

At present, the cause analysis of the special 
equipment safety accident is mainly presents the two 
characteristics. (1) The cause analysis of some kind 
of special equipment safety accident or a specific 
accident is focused on. Tang Hongkai analyzes the 
accident reason of crane [2]. Xu Huoli analyzes the 
accident reason of boiler burst, and preventive 
measures are put forward [3]. Wang Peiyuan, Cheng 
Jun, Li Jianzhong, etc analyze the accident reason of 
tower crane happened in Tianjin [4]. (2) Qualitative 
analysis is main ly, lack o f theoretical support and 
quantitative analysis model. In this paper, the special 
equipment accidents of calendar year are statistical 
analyzed, on this basis, special equipment safety 
factors are ascribed to management, environment, 
equipment and personnel. Reduction function of 
rough set is used to explore the relationship between 

the cause of the accident and the accident quantity 
levels. Then the key  factors leading to higher lever 
accident quantity are found out.  

II. INTRODUCTION TO ROUGH SET THEORY  
 Rough set theory is put forward  in  1982 by
Polish scientist Pawlak [5], it is a new mathemat ical 
tool to study the fuzziness and uncertainty problem. 
The characteristics of this method is to use the 
informat ion provided by the data itself, does not 
require any addit ional informat ion or p rior 
knowledge, through the indiscernibility relation and 
indiscernibility classes to determine the 
approximation of a given problem domain, so as to 
find out the inherent law of the problem.  

Definition 1 is named as a 
knowledge expression system, U is an non-empty set,
it is the set of all objects, known as the domain 
ontology;  is all of the attributes  of object 
in domain ontology, Subset of C and D respectively 
refers to as the condition attributes and decision 
attribute sets,  is the set constituted by 
attribute value, means attribute value range of ,
namely, the values range of a; is a 
informat ion function,  determines the value of 
object x about attributes a.

Definition 2  is called set X R 
positive domain  

 is called  set X R negative 
domain. 

Definition 3  is a knowledge base, 
, knowledge Q depends on the knowledge of 

P by the degree of dependency , and 
denoted by , If and only if  

 If k = 1, it means knowledge Q depends entirely 
on the P;  
 If 0 < k < 1, it means Q part depends on the 
knowledge P;  
 If k = 0, it means knowledge Q completely 
independent in P. 
 Definition 4P and Q is the equivalent relation 
collection in domain U, said  

 In rough set, the importance of attribute is 
measured by Changes in the classification of decision 
table after removing the attribute. If the classification 
of decision table change is big after the attribute is 
removed, it means the importance of this property is 
high, whereas the attribute importance is low [6]. By 
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rough set attribute reduction, therefore, factors 
impacting on the quantity of accidents can be selected, 
and the influence size of the factors can also be 
distinguished. The reduction of decision table means 
making it has the same function between after the 
reduction of decision table and before reduction of 
the decision table, but decision table has fewer 
condition attributes after the reduction.  
 Specific processing steps are as follows:  
 (1) Eliminating duplicate rows;  

 (2)Simplifying the condition attributes of 
decision table (relative simplification), namely 
reducing some columns from the decision table; 
 (3) Eliminating redundancy value of each 
attribute in decision rules; 
 (4) Forming the decision rules, and revealing the 
relationship between condition attributes and decision 
attributes.  
 The study framework of this paper is as shown in 
Fig.1. 

Safety 
Awareness

Operating Skill
working attitude

interpersonal 
relationship

Function 
performance 
Running state
Maintenance 

& Repair

institution 
setting

institutional 
improvement

security
training

operating 
environment

external 
environment
productivity

Personnel

Management

En
vir
on
me
nt

Fa
ci
li
ty

Rough set theory

Factor matrix 
module

Accident levels 
matrix module

incidence relation

Factor
division

Data 
collection

Statistic 
analysis

To solve the key 
factors

reason analysis

Fig.1. The Analysis framework of Special Equipment Accident  Factor Based on Rough Set  

III. DATA PROCESSING AND CALCULATION  

A. Data processing 
 Every year in May, a national special equipment 
security situation report issued by AQSIQ (General 
Admin istration of Quality Supervision),the quantity 
of special equipment safety accident and the reason 

last year are revealed by the report. Through the 
analysis of these reasons, accident key factors can be 
attributed to the management, environment, 
equipment and personnel. Eight groups of statistical 
data from 2005 to 2012 are selected in the paper, 
Shown in Table I:

TABLE I 
NUMBER OF ACCIDENTS CAUSED BY VARIOUS FACTORS FROM 2005 -2012

Year Management Environment Facility Personnel The total number of accidents
2005 219 8 22 81 274
2006 287 62 62 284 299
2007 249 0 56 149 256
2008 274 52 73 307 307
2009 308 45 47 271 380
2010 252 43 46 287 296
2011 238 0 0 245 275
2012 134 5 8 132 228

Case sets can be represented as , it is 
a knowledge representation system, U is a fin ite set 
of objects, and represents a collection of v intage in 
this year.  as the 

condition attribute set, represents the {management, 
environment, equipment, personnel}  
{1, 2, 3} is taken as condition attribute domain  

Management factors = {the 
small number, the reasonable number, the high 
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number};  
Environmental factors 

{the small number, the reasonable number, the high 
number};  
 Facility factors  {the s mall 
number, the reasonable number, the high number};  

Personnel factor  {the 
small number, the reasonable number, the high 
number}.

 = {the low level of accidents, the 

moderate level of accidents, the high level of 
accidents}

In order to use rough set for processing 
expediently, which level the accident number located 
need to be determined According to the overall 
situationthat factors caused the accident number, 
accident number level cased by various factors and 
accident number level in those year can be d ivided as 
Table II: 

TABLE II 
THE DIVISION ACCIDENT NUMBER LEVEL CASED BY VARIOUS FACTORS AND ACCIDENT NUMBER LEVEL IN THOSE 

YEAR 
Quantity level

Attribute
Number         interval

1 2 3

Management 270 and above
Environment 40 and above
Facility 60 and above
Personnel 300 and above
Accident number D 250 and above

Therefore case set decision table of accident 
number cased by various factors can be shown as 
Table III: 

TABLE III 
CASE SET DECISION TABLE OF ACCIDENT NUMBER 
CASED BY VARIOUS FACTORS FROM 2005 TO 2012 

U D
1 2 1 1 1 2
2 3 3 3 3 3
3 2 1 2 1 1
4 3 3 3 3 3
5 3 3 2 3 3
6 2 3 2 3 3
7 2 1 1 2 2
8 1 1 1 2 1

B. Model calculation 
For the same members in  Table III, such as 2, 4, 

can be eliminated, and get the Table IV: 
TABLE IV 

THE DECISION TABLE AFTER ELIMINATING DUPLICATE 
MEMBERS 

U D
1 2 1 1 1 2
3 2 1 2 1 1
4 3 3 3 3 3
5 3 3 2 3 3
6 2 3 2 3 3
7 2 1 1 2 2
8 1 1 1 2 1

After eliminating duplicate members of the 
decision table, the degree of dependency decision 
attribute D depending on condition attribute C can  be 
calculated and analyzed, whether condition attribute 
C can be omitted is examined, then the relative 
reduction between condition attributes C and decision 
attribute D can be determined, the repeat members in 
the decision table after simplified can be merged, the 
specific calculation is as follows: 

D depending entirely on the C can  be known By 
K = 1. The relative reduction between condition 
attribute C and decision attribute D can be 
determined as follows:

Because 
, so  is redundant variables, the 

classification ability of the decision table would not 
be altered after removing the attribute , the 
decision table after removing  is shown in Table 
V:

TABLE V 
THE DECISION TABLE AFTER REMOVING REDUNDANT 

VARIABLES 
U D
1 2 1 1 2
3 2 2 1 1
4 3 3 3 3
5 3 2 3 3
6 2 2 3 3
7 2 1 2 2
8 1 1 2 1

The further calcu lation of ru les reduction is as 
follows, the nuclear value of each rules can be 
calculated firstly 
The first rule: 

; 
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; 
, 

. 
It means that when removing and the rule 

 and  is  
compatible, while when  remocing ,

 is not compatible, so the nuclear value 
of the first rule is , Similarly, the nuclear value of 
each rule can be got as Table VI: 

TABLE VI 
THE DECISION TABLE AFTER BEING SIMPLIFIED

U D
1 1 2
3 1
4 3
5 3
6 3 3
7 2 2
8 1 1

The rules as follows can be got from Table VI: 
(1)
(2)
(3)
(4)

The rules that special equipment safety 
operation factors influence the accident quantity level 
can be concluded as follows: 

(1) If the facility factor accident quantity level is 
low, the medium levels of accident quantity will be 
caused; 

(2) If the personnel factor accident quantity 
level is higher, the h igher levels of accident quantity 
will be caused; 

(3) If the management factor accident quantity 
level is moderate, the moderate levels of accident 
quantity will be caused; 

(4) If the management factors accident quantity 
level is low, the lower levels of the accident quantity 
will be caused; 

(5) Environmental factors accident quantity 
level impact little on the quantity of accidents. 

Therefore, in the process of special equipment 
safety management, personnel and management 
factors should be paid more attention, facility factors 
should be paid moderate attention to equipment, less 
attention can be paid to environmental factors. 

IV.CONCLUSION 

Based on the statistical analysis about the 
special equipment accidents , the accident key factors 
dividedinto management, environment, facility and 
personnel. Through the processing of rough set ,
management and personnel are the b iggest influence 
factors, followed by facility, the smallest affecting 
factor is the environment. Therefore, userdepartment
should strengthen the management of special 
equipment and personnel operating driving skills 
training, at  the same t ime inspection and maintenance 
on special equipment should be down timely to 

ensure the safe operation of it. In addition, a safe 
environment of operating and using special 
equipment should be built. Through the above 
measures, the operation safety of special equipment, 
can be ensured, and the special equipment accidents
quantity can be reduced.  
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Abstract Virtual machining uses software tools to 
simulate machining processes in virtual environments ahead 
of actual production. This paper proposes that feature 
recognition techniques can be applied in the course of virtual 
machining, such as identifying some process problems, and 
presenting corresponding correcting advices. By comparing 
with the original CAD model, form errors of the machining 
features can be found. And then corrections are suggested to 
process designers. Two approaches, feature recognition from 
G-code and feature recognition from IPM, are proposed and 
elucidated. Feature recognition from IPM adopts a novel 
method of curvature based region segmentation and 
valuated adjacency graph. Recognized machining features 
are represented in conformance to STEP-NC. Feature 
recognition can help the virtual machining analysis in
revealing potential defections in machining operations. 

Keywords Feature recognition, G-code, in-process 
model, STEP-NC, virtual machining 

I. INTRODUCTION 

 In a CAM environment, using a part s CAD model, 
after tool path strategies and cutting conditions are settled, 
the part s NC program can be generated. Then the NC 
program should be verified or proved in order to lower 
production risk. NC program proving by trial-and-error 
cycle on a physical machine is slow and costly. 
Somet imes, in manufacturing costly aerospace parts, trial-
and-error based optimizat ion might be unaffordable. The 
aim of virtual machining  (VM) is to  decrease the trials by 
simulating machin ing operations in digital environments 
prior to actual manufacture. VM is performed main ly on 
the establishment of the mathematical modeling of part-
tool engagement geometry, machining process physics, 
structural and rigid body kinematic motion of the machine 
and work material properties. The simulation of 
machining operations in  a v irtual environment can pred ict 
dimensional surface errors left on a part, as well as 
maximum cutting forces, torque, power, v ibration 
amplitudes in short time [1, 2]. 
 We have been trying feature recognition techniques 
for virtual machining in two ways. One way is to carry 
out feature recognition on part programs (G-codes in 
conformance to ISO 6983) to rebuild the machining 
feature based model of the part. In some cases, the 
original CAM model could be neither availab le nor usable.
For example, the part s archive is lost/damaged, or 
incompatib le with upgraded systems; the part is designed 
and machined at shopfloors without aids of CAx tools. 
Therefore the rebuilt model can help understand and 
check the VM outcome. The other way is to perform 
feature recognition on  the part s in-process model (IPM) 
resulting from the virtual machining. Then the extracted 

features can be used to evaluate form errors fo r machining 
and inspection. In both ways, the recognized mach ining 
features are expressed as STEP-NC features by the ISO 
14649 standard for convenience of subsequent 
applications. The process diagram is illustrated in Fig.1.

Fig.1. Process diagram of feature recognition for VM 
 The IPM, which is the geometric output data of the 
virtual machin ing, is usually a collection of unordered set 
of triangles, without topological information. Many NC 
simulation tools output the IPMs as STL files, like 
NCSIMUL, VeriCut. In fact, an IPM bears two types of 
features: surface micro features and machin ing features 
(such as holes, pockets, slots, steps). Surface micro 
features refer to textures, scallops, marks, veins, etc. on 
machined surfaces of the IPM. Fig.2 shows examples of 
surface micro features of a face milling. Surface micro 
features could be related to some cutting parameters, such 
as scallop height, stepover. From the patterns of the 
surface textures, we can  determine whether the machining 
operation is stable, or is under chatter influence. If there 
are series of marks left on a machined surface, usually at 
its corners, that indicates jerks, revealing discontinuous 
feed rates along tool paths. Surface micro feature 
recognition involves image pattern recognition, etc., and 
in this paper we do not discuss it. Here we only  use 
feature recognition approach to extract machining features 
from IPM. Thereafter we can identify  potential mach ining 
operation problems by analyzing these features. 

a)                                                                b)  
Fig.2. Examples of surface micro features: a) texture formed by stable 

milling of a plane; b) chatter marks left  by unstable milling 
 Common feature recognition approaches take a solid 
model as their inputs, and search for pattern of faces and 
edges that obey certain topological or geometrical 
relationships [3]. But in this work we take a G-code 
program or the triangle mesh instead as the input of 
feature recognition. These need to design new methods to 
treat the G-code or the IPM data. 
 The remainder of the paper is organized as follows: 
Section II explains the feature recognition approach from 

G-code

IPM
STEP-NC 
features

Feature 
recognition

Form errors 
evaluation 
for VM
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G-code, Section III elaborates the feature recognition 
approach from IPM. Finally, we draw conclusions in 
Section IV and give some directions for further research. 

II. FEATURE RECOGNITION FROM G-CODE 

A. General strategies 
 G-code focuses on programming the cutting tool 
paths with respect to machine axes, rather than the 
machining process with respect to the part. Generally
there is no informat ion about cutting tools, the 
shape and its location, and the CNC controller type in the
G-code, we should first supplement these for ensuring 
successful recognition. Then by analyzing hints (such as 
tool changes, speed changes , machin ing regions) in the G-
code, workingsteps can be generated. In these 
workingsteps all operations are treated as freeform 
operations and features as toolpaths (which is converted 

.),
except those (like canned cycles) that can be easily 
attached to operations. Finally, we can extract machining 
features from the toolpath data by analyzing the 
machining regions, machining  strategies, etc. By 
organizing the extracted feature data by ISO 14649 
definitions, the STEP-NC features can be obtained.

B. Explanation of the approach 
We devised an interpreter for the toolpath generation 

[4]. The interpreter emulates the execution of the given G-
code one block by one block G0  command,

several co G1 G2|3

created. The parameters of these commands are used as 
cutter location data stored in the toolpath list of the 
freeform operation. Sometimes computation is needed for 
obtaining the toolpaths. 

Next, we deal with the ext raction of manufacturing 
(machining) features from toolpaths  and tool s geometry. 
In this phase, one freeform operation corresponds to one 
machining workingstep. Many freeform operations might 
correspond to one manufacturing feature because often 
there are several layers of a rough machining and a finish 
machining, which are needed to make a final feature. 
Hence one major procedure is to merge those freeform 
operations that machine the same feature, as well as the 
relevant workingsteps and rapid movements. 

Some features can be easily ext racted by the tool used. 
For example, if the tool type is for drilling, the feature is a 
hole; if the tool is a facemill, the feature is a p lanar face.
If the tool is an endmill, which is a general and complex 
case, then analyse the x, y, z-values of the CL (cutter 
location) data in the toolpath list. If z-value varies and x, 
y-values keep constant, it mills a hole feature. If x, y, z-
values all vary, it is a freeform milling operation for 
making a region of surface. If z-value keeps constant and 
x, y-values vary, it is a 2½D milling operation. The main 
grounds to find the remaining features (which can be 
planar faces, general outside profiles, closed pockets and 

open pockets in STEP-NC.) in a 2½D milling operation 

movements) and the milling strategy, which are computed 
based on toolpath CL data. 

C. An Example 
 In the example G-code of the study case part (Fig.3),
3 cutting tools (a drill, a reamer and an endmill) are used. 
By the tool types and the canned cycles in the code, we 
can extract a hole feature. By the cutting area and the 
milling strategy, we can identify a pocket feature. 

G54 G90 G21 G40 G49 M5 M9 
G0 Z100. (Move to the secure plane) 
(To drill and ream a thru hole) 
T2 M6 (Use a spiral drill,  diameter 20mm) 
G43 H2 (Length compensation by 70mm) 
M8 M3 F900. S720 
G0 Z30. 
G90 G99 G81 X20. Y60. Z-18. R10.  
G99 G81 X20. Y60. Z-36. R10. F1800. 
G99 G81 X20. Y60. Z-60. R10. F1350. 
G1 Z10. F1800. 
G80 G49 M5 M9 (end of drilling cycle) 
T3 M6 (Use a reamer,  diameter 22mm) 
G43 H3 (Length compensation by 50mm) 
M8 M3 S1080 
G90 G99 G85 X20. Y60. Z-60. R10. 
G80 G49 M5 M9 (End of reaming cycle) 
 
(To cut a pocket, rough & finish) 
T1 M6 (Use an endmill,  diameter 18mm) 
G43 H1 (Length compensation by 50mm) 
M8 S1200 M3 F2400.  
G0 Z30. 
X64.754 Y50.069 
Z15. 
(To rough pocket in 5 layers,  5.9/layer) 
(First 2 blocks: to run helical approach) 
G2 X77.2 Y55. Z-5.9 I5.246 J4.932  
G2 X70. Y55. I-3.60 J0.  
G1 Y90. 
X75. 
Y50. 
X65. 
Y90. 
X70. 
Y95. 
X80. 
Y45. 
X60. 
Y95. 
X70. 

Y100. 
X85. 
Y40. 
X55. 
Y100. 
X70. 
Z0. 
G0 X69.532 Y47.815 (End of 1st layer) 
……… (Code of next 4 layers omitted) 
 
(To finish pocket in 6 layers. 5mm/layer) 
(Bottom allowance 0.5,side allowance 1) 
G0 Z30.  
X74.890 Y60.285 
Z15. 
(First 2 blocks: to run helical approach) 
G2 X77.2 Y55. Z-2. I -4.891 J-5.285 
G2 X70. Y55. I -3.60 J0.   
G1 Y93.  
X78. 
Y47. 
X62. 
Y93. 
X70. 
Y101. 
X85. 
G2 X86. Y100. I0. J-1. 
G1 Y40. 
G2 X85. Y39. I -1. J0.  
G1 X55. 
G2 X54. Y40. I0. J1.  
G1 Y100. 
G2 X55. Y101. I1. J0.  
G1 X70. 
Z0. (End of 1st layer) 
. . . . . . . .. .. .(Code of rest of layers omitted) 
G2 X55. Y101. I1. J0. (now Z-30.) 
G1 X70. 
Z15. (End of finishing) 
M30 

Fig.3. Case study and example G-code. 
 After the recognition from the G-code, we got two 
features: a hole and a pocket. Structuring the feature data 
by the STEP-NC standard, we can get the part21 file  for 
the recognition result, like the following excerpt. 
DATA; 
#0= PROJECT ('EXECUTE EXAMPLE1',#1,(#2),$,$,$); 
#1= WORKPLAN ('MAIN WORKPLAN',(#11,#12,#13,#14),$,#3,$); 
#2= WORKPIECE ('BLOCK WORKPIECE',$,0.01,$,$,$,(#91,#92,#93,#94)); 
#3= SETUP ('MAIN SETUP',#62,#60,(#4)); 
#4= WORKPIECE_SETUP (#2,#63,$,$,()); 
#11= MACHINING_WORKINGSTEP ('WS DRILL HOLE1',#60,#21,#32,$); 
#12= MACHINING_WORKINGSTEP ('WS REAM HOLE1',#60,#21,#33,$); 
#13= MACHINING_WORKINGSTEP ('WS ROUGH POCKET1',#60,#22,#34,$); 
#14= MACHINING_WORKINGSTEP ('WS FINISH POCKET1',#60,#22,#35,$); 
#21= ROUND_HOLE ('HOLE1 D=22MM',#2,(#32,#33),#67,#70,#111,$,#25); 
#22= CLOSED_POCKET ('POCKET1',#2,(#34,#35),#69,#71,(),$,#26,$,#112,#27); 
#25= THROUGH_BOTTOM_CONDITION ();
#26= PLANAR_POCKET_BOTTOM_CONDITION ();
#27= RECTANGULAR_CLOSED_PROFILE ($,#113,#114); 
#32= DRILLING ($,$,'DRILL HOLE1',15.,$,#44,#54,#51,$,$,$,$,$,#55);
#33= REAMING ($,$,'REAM HOLE1',15.,$,#47,#54,#51,$,$,$,$,$,#56,.T.,$,$); 
#34= BOTTOM_AND_SIDE_ROUGH_MILLING ($,$,'ROUGH POCKET1',15.,$, 

#40,#57,#51,$,$,$,#58,6.5,5.,1.,0.5); 
#35= BOTTOM_AND_SIDE_FINISH_MILLING ($,$,'FINISH POCKET1',15.,$,#40,#57,#51,$,$,$,#59,2.,10.,$,$); 
#40= MILLING_CUTTING_TOOL ('ENDMILL_18MM',#41,(#43),80.,$,$); 
#41= TAPERED_ENDMILL (#42,4,.RIGHT.,.F.,$,$); 
#42= MILLING_TOOL_DIMENSION (18.,$,$,29.,0,$,$); 
#43= CUTTING_COMPONENT (100.,$,$,$,$); 
#44= MILLING_CUTTING_TOOL ('SPIRAL_DRILL_20MM',#45,(#43),90.,$,$); 
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#45= TWIST_DRILL (#46,2,.RIGHT.,.F.,0.84); 
#46= MILLING_TOOL_DIMENSION (20.,31.,0.1,45.,2.,5.,8.); 
#47= MILLING_CUTTING_TOOL ('REAMER_22MM',#48,(#43),100.,$,$); 
#48= TAPERED_REAMER (#49,6,.RIGHT.,.F.,$,$); 
#49= MILLING_TOOL_DIMENSION (22.,$,$,40.,$,$,$); 
#51= MILLING_MACHINE_FUNCTIONS (.T.,$,$,.F.,$,(),.T.,$,$,()); 
#54= MILLING_TECHNOLOGY (0.03,.TCP.,$,-18.,$,.F.,.F.,.F.,$); 
#55= DRILLING_TYPE_STRATEGY (0.75,0.5,2.,0.5,0.75,8.); 
#56= DRILLING_TYPE_STRATEGY ($,$,$,$,$,$); 
#57= MILLING_TECHNOLOGY (0.04,.TCP.,$,-20.,$,.F.,.F.,.F.,$); 
#58= CONTOUR_PARALLEL ($,$,.CW.,.CONVENTIONAL.); 
#59= CONTOUR_PARALLEL (0.05,.T.,.CW.,.CONVENTIONAL.); 
#60= PLANE ('SECURITY PLANE',#61); 
#61= AXIS2_PLACEMENT_3D ('PLANE1',#90,#81,#82); 
#62= AXIS2_PLACEMENT_3D ('SETUP1',#80,#81,#82); 
#63= AXIS2_PLACEMENT_3D ('BLOCK WORKPIECE',#80,#81,#82); 
#67= AXIS2_PLACEMENT_3D ('HOLE1',#97,#81,#82); 
#68= AXIS2_PLACEMENT_3D ('DEPTH PLANE',#98,#81,#82); 
#69= AXIS2_PLACEMENT_3D ('POCKET1',#99,#81,#83); 
#70= PLANE('DEPTH SURFACE FOR ROUND HOLE1',#68); 
#71= PLANE('DEPTH SURFACE FOR POCKET1',#68); 

III. FEATURE RECOGNITION FROM IPM

A. Introduction of the approach 
 The widely  used mesh-based virtual machining 

simulation refers to that the IPM uses triangle mesh for 
processing and dynamic display, and hence the IPM can 
be output as collection of triangles. Most of commercial 
NC simulators provide an STL export interface for 
outputting the IPM data. During machining process 
simulation, one popular method is that the workpiece and 
the cutting tool are represented as discretized triangles for 
simplifying the computation and display. The geometric 
modeling of the cutter-workpiece engagement along the 
tool path are very  important to the variation in ch ip 
thickness, and axial/radial depths of cut that are needed to 
evaluate force, torque, power, vibration and other process 
states along the tool path. The IPM mesh data has the 
following characteristics. 

1) The IPM is a collection of triangles, among 
which have no sequence and topological relationship. The 
IPM sometimes contains offcuts, which should be 
identified and eliminated in the beginning of feature 
recognition. The mesh data usually contains degenerated 
triangles (i.e. isolated vertices and edges) and incorrectly 
oriented triangles, or lacks of triangles data resulting a 
gap on the surface. 

2) Compared with the mesh data of a faceted CAD 
model, the IPM mesh data is more irregular and complex. 
For example, a rectangular planar face in a CAD model 
may be faceted as 4 triangles; but the counterpart in IPM 
might be like a waved surface composed by numerous 
triangles after machining. This is due to the scallops left 
on the face, forming s mall ridges and ruts, which are 
represented by tiny triangles in the IPM. 

 The overall method we designed is as follows: first, 
build a surface B-rep model by processing the IPM data; 
then, recognize machining features from the B-rep model. 

 Two approaches are considered to the feature 
recognition for virtual machining in our work. One is to 
attach attributes to triangles while carry ing out the virtual 
machining. Th is approach is simple while practical when 
the number of the triangles is small. The other approach is 
to analyze the pure geometric mesh data of the simulat ion, 
on basis of discrete segmentation [5,6]. This is a general 
approach, not rely on a certain NC simulation tool. In this 
paper, we will focus on the latter. 

B. Description of key procedures 
1) B-rep triangular model building 
We use the Open CASCADE [7] toolkits, an open source 
geometry development platform, to build the B-Rep 
triangular model from the IPM data. Each  triangle in the 
STL file is transformed  into a triangular face. When 
completed, a manifo ld, waterproof B-Rep triangular solid 
model is generated. This model has the following 
characteristics: In ruled surface regions and in planar 
regions at its curved boundaries, the model has many long 
and thin triangles resulting from the discretization; 
Vertices of triangles in planar and ruled regions are 

 edges; Triangles in  flat 
regions are sparse and relatively large, while dense and 
uniform in highly curved regions. 
2) Curvature based region segmentation 

Discrete curvature calculation  is based on vertex 
vicinity. In triangle sparse areas, most of vertices are on 
boundary edges, belonging to two or more regions. 
Discrete curvature estimation in this case is not reliable,
resulting in wrong segmentation. To avoid this, we detect 
the part s sharp edges. After the B-Rep triangular model 
construction, we compute the dihedral angle between two 
adjacent triangles. All the sharp boundary edges can be 
found by a threshold on dihedral angle. Using a 
propagating approach, preliminary regions demarcated by 
sharp edges can be obtained. Follow-up curvature 
calculation will be confined to use vertices only within 
such a region. Curvature calculat ion is improved and is 
more reliable since the neighborhood of each vertex is not 
disturbed by vertices in other regions. 

On a surface the local shape around its point P is 
characterized by maximum and minimum principal 
curvatures ( max, min) and by the two principal directions 
(dmax, dmin) corresponding to the tangent vectors for 
which the principal curvatures are obtained. The method 
used here adopts Cohen-Steiner
compute the curvatures of a discrete shape. Shape index 
and curvedness [10] are two  indicators derived from the 
principal curvatures. Shape index, ranged [-1, 1], is a 
quantitative measure of local surface type. Curvedness is 
a positive value that specifies the amount or intensity of 
the surface curvature. 

Ten surface types (spherical cup, trough, rut, saddle 
rut, saddle, spherical cap, dome, ridge, saddle ridge, and 
plane) are defined based on shape index and curvedness 
[11] (Fig.4). Every vertex, except vertices of sharp edges, 
of the shape is assigned a surface type label during local 
surface type recognition. We use the curvedness value to 
detect smooth edges within a preliminary region. Vertices 
on smooth edges and transition regions have higher 
curvedness value, as thus a threshold can be given to 
detect them. 
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Fig.4. Surface types, shape index scales and color scales. 
Then connected regions are generated from these 

clustered vertices. Two operations are performed: 
connected region growing to generate in itial segmentation 
result, and region refining, which aims to reduce over-
segmented regions and to improve the segmentation result. 
When a vertex yet unassigned with a reg ion label is met, 
the vertex is marked with a region label by its neighbor 
condition. With this associated region label, the vertex is 
added to an existing region or creates a new region. We 
adopt the approaches reported in [5,  11] for the operations. 
Fig.5 shows a segmentation example. 

a)                             b)                              c)                              d) 
Fig. 5. A segmentation example: a) discrete shape; b) initial clustering; c) 

cluster refining; d) segmentation.
3) Machining Feature Recognition 
 To obtain the boundary representation model, we use
the meshes  additional informat ion, which help to know 
which meshes belong to the same surface and what is the 
type of the surface to be constructed. Edge loops that form 
the surface are identified and built. Surface reconstruction 
techniques are then used. Thus a continuous surface of the 
part is built. When all regions are exhaustively searched,
the part s surface B-rep  model is built. At present the 
surface types of the model can be planar faces, spheres,
cones, cylinders and tori. 

Machining feature recognition is performed on the 
surface B-rep model obtained above. Here we adopt the 
valued-adjacency graph approach [5], in which the B-rep 
model is converted into a planar graph where, e.g., its 
nodes represent faces and its arcs represent edges. 
Additional information, such as edge-xity (a measure of 
concavity/convexity), is incorporated into the graph. 
 A machining  feature is regarded as a set of connected 
faces satisfying certain geometrical and topological 
conditions on the workpiece s B-Rep. These faces have 

topological links of concavity that form cavit ies or 
protrusions and are related to a machin ing volume. For 
each form feature, it is possible to define a set of convex 
edges that are the limits of the feature: boundary edges. 
Note that the definition of a feature is only based on its 
topology. Seven generic classes for form feature 
classification have been proposed. General and specific 
rules to define the classes are based on properties of 
planar graphs. 
 K-Protrusion class definition depicts formal ru les 
(Fig.6c) that have been developed with strong emphasis in 
graph theory. The classificat ion rule consists of the 
identification of a base face which is connected to all the 
wall faces by concave edges. The wall faces are linked to 
each other with either convex or concave edges that form 
inner protruding volumes (Fig.6 a and b). The rule can be 
easily described using cyclomatic and co-cyclomatic 
numbers of extracted planar graphs. 

  

a)                                                   b)

c)
Fig.6. Adjacency graph: a) a part; b) the adjacency graph; c) K-

Protrusion classification rule 
 The type and data structure of a machining feature 
adopt STEP-NC s defin itions, so that the recognized 
feature data can be stored in conformance to the standard 
[12]. So far the types of machin ing features that can be 
recognized are closed pockets, open pockets, slots, steps, 
holes. A machining feature is then regarded as a set of 
connected faces satisfying certain geometrical and 
topological conditions. For each feature type, its feature 
template is defined. A graph-based and rule based 
manufacturability analysis approach is used for validating 
the results. For example, as for the manufacturability of a 
step, mult iple interpretations due to 3 potential machining 
directions are available in the extracted feature data. 
 From the reconstructed surface B-rep model or the 
machining feature based model, we can easily obtain form 
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0 convexity

1

f1 f4

f2 f3

0 0

0

0
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parameters to be controlled, and compare them with the 
part s original CAD/CAM model. Hence we can evaluate 
the form errors under current machining operations. 

C. Example 
 The part in  Fig.7 has planar faces, holes, pockets, 
slots, etc. This figure shows some feature recognition 
results for the test part. 

Fig.7. A test part  

IV. CONCLUSION 

 This paper proposes that feature recognition 
techniques can be applied to v irtual machin ing for 
identifying some machining operation problems. Two 
types of features exist in in -process model of a simulation: 
machining features and surface micro features . We focus 
on machin ing features, especially on feature recognition 
from IPM, which involves B-rep model construction, 
curvature based region segmentation, and valuated 
adjacency graph based feature recognition. By comparing 
with the original CAD/CAM model, form errors (such as 
over/undercut, out-of-tolerance dimensions) of the 
features can be found. So performing feature recognition 
on the VM output model can help the VM analysis in
finding potential machining operation problems. 

 The work is in  an in itiating phase. Future works 
include: for the work of recognition from G-code, to 
increase the capacity of machin ing feature recognition, 
especially for region features ; for the recognition from 
IPM, to develop specific approaches of region 
segmentation for other quadric/free-from surfaces and to 
test the approach on more complex parts , such as parts 
that are manufactured by five-axis and mill-turn machines.
Future work will also verify that feature recognition can 
play a part for virtual machining.
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Abstract - On the basis of quality inspection, Cell 
Automaton theory was used to study quality management. 
This paper introduced the basic principles of cell automaton.
The researcher established two-dimensional cell automaton 
model of product quality inspection, and defined cell 
morphology based on the state of the product, cell space 
based on product quality inspection, as well as cell 
neighborhood. The researcher constructed the transfer 
function by the combination of product quality factors of the 
production process, while the introduction of cell firmness, 
propensity score and other related concepts, and the design
of appropriate parameters. Though the simulation, we verify 
the application of cell automaton in quality inspection. 
Research shows that, once the production factors change, it 
should be timely inspected in the initial stage. Otherwise, the 
substandard rate of product will increase with the passage of 
time.

Keywords - Cell automaton, computer simulation, 
quality inspection, transfer function

I. INTRODUCTION

A. Cell Automaton Principles
Cell Automaton (CA) is a kind of Dynamics Systems 

which is defined in cell space composed by discrete and 
fin ite-state cells and evolves in d iscrete time dimension 
according to certain local ru les [1]. The main  feature of CA 
is that the time, space and states are discrete. The basic 
principles of CA system are: cell automaton system 
consists of independent cells; each cell is arranged in a 
regular grid; these cells all have a fin ite number of 
discrete states; each cell which follows the same state 
transfer rule updates; the cells only  interact with their 
neighbors. CA which  is the state discrete systems can 
reveal complex global properties. Thus it can be used for 
product quality inspection.

Distinguished by general Dynamics Systems, CA 
does not have determined mathematical functions, but 
operates systematically only by a series of identified 
models. The basic components comprise: cells, cell space, 
cell neighbors and cell rules.

B. Cells
The cell also called primitive, which is distributed in 

discrete one-dimensional, two-dimensional or mult i-
dimensional Euclidean space on the grid, and forms a 
discrete state; this is the most basic component of CA [2].
As shown in Fig.1. Each cell has its own cell discrete state 
at a fixed point in time. Discrete set is composed by 
assigning to discrete state of the cell, which can be {0, 1} 
binary form, or {-1, 0, 1} ternary form, also {x0, x1, x2, ... ,
xn} in the form.

C. Cell Space
(1) Geometric Division. According to the theoretical 

point of view, the cell can occupy Euclidean Space of any 
set dimension; the research is generally conducted in one-
dimensional or two-dimensional space at the present stage. 
The space dimension of one-dimensional CA is only one; 
two-dimensional CA presents multip le spatial structures
whose common spatial configuration is triangular, square 
or hexagonal fo rm. As shown in Fig.2. Because of the 
difference of various geometric shapes arranged in 
network, as well as advantages and disadvantages of their 
own, the characteristics and effect of the performance of 
Power System should be balanced. We should make a 
reasonable choice when selecting spatial structure.

(2) Boundary Conditions of Cells. The common 
boundary conditions: periodic (or loop) boundary, fixed 
boundary, adiabatic boundary and mapping boundary [3].
As shown in Fig.3.

Fig.2. Two-dimensional Space Configuration

(a) Triangular Form (c) Hexagonal Form(b) Square Form

(a) One-dimensional CA (b) Two -dimensional CA

(c) There -dimensional CA

Fig.1. Cell type of cell automaton

21st International Conference on Industrial Engineering and Engineering Management 2014 (IEEM 2014)

E. Qi et al. (eds.), Proceedings of the 21st International Conference on Industrial Engineering
and Engineering Management 2014, Proceedings of the International Conference on Industrial Engineering
and Engineering Management, DOI 10.2991/978-94-6239-102-4_27, © Atlantis Press and the authors 2015

129



(a) Periodic Boundary: refers to connecting the cell 
space of relative boundary. Such is often used for 
experiments in the associated theoretical analysis and 
simulation.

(b) Fixed Boundary: refers to the outer boundary 
cells are all taken to a fixed value.

(c) Adiabatic Boundary: refers to the states of the 
outer boundary neighbors always maintain consistent with 
the state of boundary cells, that is, with zero  gradient 
condition.

(d) Mapping Boundary: refers to the states of the 
outer boundary neighbors are specular reflection with the 
axis of its boundary.

D. Cell Neighbors
Cells and cell space only show the static component 

of CA. In o rder to introduce "dynamic state" into the 
system, the evolution ru les must be added to. In CA, the 
evolution rules are defined within the local area; that is, 
the state of a cell in the next time depends on the state of 
itself and its neighbors. Thus, the impact of a cell to other 
cells should be considered when the dynamic evolution of 
CA is in progress. So it is necessary to consider the local 
area of cell space which is named Cell Neighbors.

When considering influence from a cell to other cells, 
which each cell will affect what neighbors must be 
specified. In  one-dimensional CA, usually using radius 
(abbreviated as r) to ascertain cell neighbors, and cells 
whose distance from a certain cell is less than r are
regarded as cell neighbors of this certain cells. The 
definit ion of two-dimensional CA neighbor is more 
complex, and Von Neumann Type, Moore Type and 
Extended Moore Type are commonly used [4-6].

E. Cell Rules
CA is one of Kinetic motion model. The function is 

called the State Transition Function of CA, which defines 
the cell state of next time based on the current state of 
itself and the states of neighbors within specified range [7].
The function can be written as:

t
N

t
i

t
i SSfSf ,: 1

From this function, f is the State Transition Function; 
si

t represents the state of the cell i at time t; and sN
t

represents the state of cell neighbor N of the cell i at time t.
CA is a dynamic system; with the change in  time, 

every time although the physical structure system does 
not develop, the state changes. If you use a mathemat ical 
formula to represent CA, which can be summarized  as a 
four-tuple, namely

A= (Ld, S, N, f)
Here, A represents a CA system; Ld represents cell 

space, d is the space dimension; S is the limited and 
discrete cell state set; N represents the combination of all 
cell neighborhood (including the center cell); f is a state 
transition function, which is the evolution of the rules [8].

II. ESTABLISHMENT OF CA BASED ON 
PRODUCT QUALITY INSPECTION

A. Cell Morphological Definition
Each cell represents a product. Each subject is 

defined three quality status. The cell state set is a finite set 
like A = {product status transition, lack of product status, 
product status suitable}, and the init ial and final values of 
the unit cell can be expressed as A = {1, -1, 0}. In the 
simulation stage of evolution, according to the actual 
situation, the cell state value A allows to be given an 
absolute value less than or equal real number one.

B. Cell Space
The samples of 200 products were used as the test 

data of product quality inspection. Therefore, we used cell 
space of 200 for a group of one-dimensional latt ice 
structure, and in  the evolution of cells, we used the one-
dimensional cell space traversal algorithms. In the entire 
product quality inspection, cell space which uses 200 
samples for whole p roducts is very limited, but that does 
not prevent the "holistic" test, with 200 samples reflect 
the overall product.

C. Cell Neighbors
The production line is regarded as a one-dimensional 

grid. In  the pipeline, each product can accept in fluence 
from the quality level of every  cell in the cell space, 
meanwhile, can affect other cells, realizing the impact of 
space and time. Due to the adoption of a one-dimensional 
grid, in order to simplify calculat ion, we choose every cell 
around the field , namely two  neighbors are used as the 
conversion neighbors. Then using 200 one-d imensional 
cell networks and using cell traversal algorithm achieve 
the testing of all cells within cell space.

D. A Status Converting Method
(1) State Setting. Taking into the high stability 

requirements of the products, we define the cell 
transformation ru les related to cell stability: si(t)
represents the state of cell (i) at time t, and represents the 
state of the products produced at this time. So si(t)
belongs to [-1, 1], and is defined as follows: 

When -1 si(t)<-0.5, cell(i) is in the absent state; 
When -0.5 si(t) 0.5, cell(i) is in the appropriate state; 
When 0.5<si(t) 1, cell(i) is in a transitional state.
(2) Production Factors. In the actual production 

process, factors affecting the quality of products are 
shown as follows:

(a) Human factors.
consciousness, sense of responsibility, dedication, cultural
quality, technical level, the operation proficiency and the 

Fig.3. Boundary conditions of cell

a b a

(d)  Mapping Boundary

a a

(c)  Adiabatic Boundary

1 b

(b)  Fixed Boundary

a b a

(a)  Periodic Boundary
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ability of organization and management.
(b) Material factors. It  refers to the quality of raw 

materials, blank, spare parts, standard parts and external 
components etc.

(c) Machine factors. It refers to the quality of 
equipment, process equipment, and other related 
production tools.

(d) Method factors. It refers to the quality of the 
production process, experimental analysis, measuring 
tools and testing instruments etc.

(e) Testing methods. It refers to the quality of the 
method for measuring and testing, measuring tools and 
testing instrument etc.

(f) Environmental factors . It refers to the temperature, 
humid ity, dustiness degree, noise, vibration, rad iation, and 
poison of air, the lever of clean liness, beautification and 
civilization of labor environment.

(3) Design of Transfer Function. In  fact, the value of 
si(t+1) is not only have relation with neighbors, but also 
have relation with the value of tendency and firmness 
coefficient  for cell itself [1]. Coefficient which  influences 
the product quality factor is determined by the inherent 
properties of the model, it is represented by the following
formula: 

tstsffffffqtswts iiii 116543211
Among them, w is expressed as the product stability 

coefficient, reflecting the stability of the center cell for the 
next  cell. Its value is [0, 1], and larger w indicates the 
stability of center cell stronger. When w=0, the stability of 
center cell is 0, that is very unstable and we can 
completely ignore the stability of center cell. In this case, 
si(t+1) is completely  obedient to the state of neighbors. 
When w=1, production is in  a stable condition, which 
depends entirely on the central cell, and we can 
completely ignore the impact of neighbors. In this case, 
si(t+1) is entirely submissive to the state of center cell; q
is defined as the neighborhood coefficient, indicating that 
two neighbors are in the same position. Currently we use 
the two neighborhood, so q=0.5.

In actual production operations, fi represents the 
product quality factors- the influence degree of human,
machine, material, method, environment, test and other 
factors [9, 10]. However, in  the actual production operations, 
the six kinds of factors will not operate simultaneously, 
usually no more than three changes. So in the process of 
simulating quality inspection of CA, we set f1, f2, and f3 as 
the situation changes as up to three of six factors. The 
integration formula is as follows:

tstsfffqtswts iiii 113211
(4) Cell Traversal Algorithm. CA can be used in the 

case of free moving or fixed neighborhood transformation
[11, 12]. Just above conversion rules are applicable to the 
conversion of fixed cell neighborhood, but because of the 
liquid ity of products, the conversion rules are more 
applicable at the free conversion neighborhood. Now cell 
traversal algorithm is as follows:

Initial: one dimensional array s (200);
For T=1, N;

Do i=1 to 200;
si(t) exchange with si (t+1);
Mapping new si (t), si (t+1) into s1 (m), s1 (m+1); 
Update s1 (m), s1 (m+1) by Ep. (1);
End;
Output s (200);
End;
Among them, T is the number of cycles for this 

algorithm, and N=2. Derived by the algorithm, it ensures 
that each cell could make internal communication with
others in the one-dimensional network on the process of 
moving in freedom neighborhood in every cycle, and 
using this algorithm will avoid double counting to achieve
minimizat ion. In  cycles, however, the value will always 
be changing with the moving of cells after setting the 
basic distribution of specific values. So the stability of 
cell would not produce mutations with continually 
changing of its position.

III. SIMULATION

In the simulat ion, the stability coefficient of cell and 
the initial d istribution of the weight value are random [13].
And once the format ion of the init ial distribution is
confirmed, all experiments will be fixed. The experiment 
of moving cell to traverse space is as follows:

About the init ial state setting: We init ialize the 
amount of -1 to 35, 0 to 135 and 1 to 30, relevantly
w1=0.65, w2=0.60 and w3=0.65. The number of cycles T is
1 or 2, and the calculation of each circular convolution is 
200 times. 

Fig.4 shows the stability of the two cycles - the 
corresponding diagram of the cell numbers .

Fig.5 represents the cyclical trend graph at a certain 
time.
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IV. DISCUSSION OF SIMULATED EXPERIM ENT

A. The Distribution of the Overall Tendency of Three 
Products

I
products were significantly more than those of 

, then these 
three values were set 60:25:15. Under the above 
guidelines, observed from Fig.5 s

after experiencing a certain number of cycles. Among 

B. The Influence of Changes in Quality Factors
Based on the above analysis, we can conclude: it  is 

necessary to make the quality testing when one or more 
factors (human, machine, material method, environment
and testing) of production have changed in the production 
process. If you neglected, the longer the production time 
lasted, the greater effect of the whole production line 
could appear in the production process. Therefore, once 
the production factors change, it should be timely 
inspected in the initial stage. Otherwise, the substandard 
rate of product will increase with the passage of time.

V. CONCLUSION

Based on the quality inspection, this article 
introduced CA, built quality-inspection CA models, and 
proposed cell transfer function and method of calcu lation 
designed by cell firmness. Through simulat ion analysis, it 
was concluded that quality inspection rules would change 
with production factors in the production activit ies; and 
when to inspect tightly, loose, generally, and even to do 
exemption are determined by the relevant factors and the 
stability with test result of the current production phase. 
Therefore, when an amount of production conditions 
changed in the production, product inspection should be 
carried out as soon as possible, and product quality status 
must be controlled from the source.
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Abstract - Seeing that the influence quality factors in 
operation process of supply chain are complex, multi -level, 
interconnection and interaction, which possess uncertainty 
and fuzziness obviously, product quality building process in 
supply chain is deeply analyzed, and evaluation system 
model of product quality oriented lifecycle in supply chain is 
established. On the basis, G1 is applied to determine weights 
of product quality indexes, which could solve the problem 
that it is not necessary to reorder the quality indexes in the 
case of their changes (increase or decrease); and intrinsic 
fuzziness of expert judgment is considered, fuzzy 
comprehensive evaluation (FCE) is applied to establish 
mathematical evaluation model of product quality oriented 
lifecycle in supply chain. Finally, the product of some 
Enterprise (lubricant station F335) is introduced as an 
example to demonstrate the rationality and validity of the 
method. 

Keywords - Product quality, product lifecycle, supply 
chain 

I. INTRODUCTION 

For globalizat ion of world economy and 

of enterprises has been closely, and market competition 
has changed into the competit ion among supply chains 
from the competition among enterprises [1]. Furthermore, 
integration of supply chain and quality management will 
be the very important factor of the future competition 
among supply chains [2]. Therefore, how to assure and 
constantly improve product quality, has been the primary 
task in operation process of supply chain, which  is the 
key to gain market competitive advantage. 

Since distribution of members in supply chain is 
dispersion and discontinuous, both the operation process 
and organizations of supply chain are dynamic changes. 
These lead to dynamic and several variable of product 
quality in supply chain. Therefore, how to constantly 
assure product quality is the key problem that enterprise 
in supply chain must face. Furthermore, evaluation of 
product quality is the most effective of continuous 
assurance and improvement of product quality. So, how, 
it is the important significance to realize the dynamic 
evaluation of product quality in supply chain for 
sustainable development of supply chain. 

Study on product quality in supply chain has been the 
focus in the field of supply chain at present, scholars and 
enterprise technicians at home and abroad has carried out 
research to solve the problems of product quality in 
supply chain, and obtained some achievements. But, 
some disadvantages are existed, e.g. quality control in 

product collaborative design (Xiaoqing Tang, 2006) [3],
research of collaborative quality evaluation based on 
supply chain (Jun Zhang, Aiping Song and Yimin Li, 
2005) etc [4]. (1) These studies lack the deep analysis of 
product quality building process in supply chain; (2) The 
evaluation system of product quality main ly focused on 
the study of individual factor in supply chain, which 
lacks perfect  evaluation system of product quality in the 
operation process of supply chain. (3) AHP and FCE are 
respectively applied to study the evaluation method of 
product quality in supply chain, which is difficult  to solve 
the problems of complex, dynamic and multi-variab le 
evaluation of product quality in supply chain. 

Therefore, product quality building  process in supply 
chain is further analyzed, the key factors in fluencing 
product quality in supply chain are found, evaluation 
system of product quality oriented lifecycle in supply 
chain is established. On the basis, for the problems of 
complex, dynamic and mult i-variable quality index in 
supply chain, G1 is applied to determine the weights of 
dynamic and mult i-variable quality index, which could 
solve the problem that it is not necessary to reorder the 
quality indexes in the case of their changes (increase or 
decrease); and intrinsic fuzziness of expert  judgment is 
considered, fuzzy comprehensive evaluation (FCE) is 
applied to evaluate product quality  oriented supply chain. 
Scientific, reasonable results of quality evaluation can be 
realized, and accord with actual.    

II. PRODUCT QUALITY BUILDING PROCESS IN 
SUPPLY CHAIN 

Design, production, sale and service after sale of 
product in supply chain could be accomplished in 
cooperation of all the members of supply chain [5, 6], 
objectively, product quality is assured and realized by all 
the members of supply chain [7]. Actually, building and 
realizing process of product quality is across the range of 
the whole supply chain. So, the factors influencing 
product quality in supply chain are throughout the whole 
process in product lifecycle included design, 
manufacturing, using.   

Formation of product quality starts at market, 
customer requirements are collected and arranged by 
market investigation, that is the product quality customer 
expects; the customer requirements are transformed and
mapped to engineering quality characteristics 
(engineering design requirements), product design is 
conducted, on the basis, process design is completed, so 
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as to form product design quality; then entering 
production preparation, raw material and purchased parts 
are purchased, so as to form purchase quality; then 
entering product manufacturing, product is manufactured 
and assembled, so as to form manufacturing quality; 
finally, the product is sent to customer by sales, in this 
case, the product quality is the very final p roduct quality 
that customer feels actually. It is shown as Fig.1.
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Fig.1. Product quality building process in supply chain 
In the operation process of supply chain, the assurance 

of product design quality is provided by design 
department of core enterprise; product manufacturing 
quality is jointly assured by core enterprise, parts supplier 
and material supplier; quality of sale and service after 
sale is assured by distributors and retailers. Different 
quality is formed in various stages, the quality 
characteristics are transferred to next stage along quality 
flow, which  is a part  of p roduct quality in next  stage, in 
this way, final product quality is formed along the 
continuous quality transmission. Because of the

transmission order, p roduct quality in fo rmer stage 
influence the one in  next stage direct ly, downstream 
enterprise cannot interfere that product quality in former 
stage have effect on final product quality. 

Therefore, the key factors that influence product 
quality in supply chain are determined, which includes 
product design quality, purchase quality (material and 
purchase parts), manufacturing quality, sale and service 
quality. 

III. EVALUATION SYSTEM MODEL OF PRODUCT 
QUALITY ORIENTED SUPPLY CHAIN 

Product quality evaluation oriented lifecycle in supply 
chain is the systematic evaluation activ ities of product 
quality in every stage of lifecycle in supply chain 
according to product integration informat ion, by applying 
evaluation technology and method, with the support of 
the responding organization and persons, for the goal of 
quality improvement. There are lots of factors that 
influence product quality in  every stage in operation 
process of supply chain, furthermore, these factors 
possess obvious dynamic, uncertainty and fuzziness. So, 
establishing the quality index system that is systematic, 
overall and hierarch ical, is the foundation realizing 
scientific and effective product quality evaluation [8]. It
is shown as Fig.2.
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Evaluation system model of product quality is 
compose of quality goal, quality rule and quality 
characteristic index, which is used to describe the 
hierarchical relationship of quality goal, quality ru le and 
quality characteristic index. It could meet the requirement 
of product quality evaluation in every stage in operation 
process of supply chain, consideration to technicality, 
economy, customer demand and ecological environment 
etc., and realize mult i-level, multi-view evaluation of 
product quality oriented lifecycle in supply chain.

IV. EVALUATION METHOD OF PRODUCT QUALITY 
ORIENTED SUPPLY CHAIN 

AHP or FCE is mostly applied by existing evaluation 
tivity is 

greatly in  evaluation process of these method, which lead 
to deviation of objective fact. Furthermore, complex 
matrix and consistency analysis need to be structured, 
quality index order need to be reordered because of 
quality index change, quantity of quality index also need 
to be limited in using process of these method. These 
problems could greatly influence the efficiency and 
accuracy of quality evaluation. 

G1 is a new method that determines index weight [9, 
10]. Its basic steps are: quality indexes are ordered on 
their importance according to evaluation rule, ratios of 
importance degree of adjacent quality index are given, 
then quality index weight is obtained. So, it weakens the 

solve the problem that it is not necessary to reorder the 
quality indexes in the case of their changes (increase or 
decrease), which is suitable for group judgment. 

Since it need not structure complex matrix, test 
consistency, and limit quantity of quality index, G1 is 
more efficiency and easy to realize quality evaluation for 
complex, dynamic and mult i-variable quality in supply 
chain. 

Step 1: establishing quality evaluation model 
Assume factor set of quality evaluation U={U1, U2, U3,

U4, U5}, common set V={V1, V2, V3, V4, V5}.
Step 2: determining order relation 
If important degree of quality index Ui is more than 

that of quality index jU relat ive to some evaluation ru le, 

then order relation is denoted by i jU U jU j ; if relative to 

some quality evaluation rule, the relat ion equation of 
quality index 1 2, , mU U U can be denoted as: 

* * * *
1 2 k mU U U U* * *

2 k mU U U* *
2 k mUk  , 1,2, ,k m , then 

order relat ion between quality index is determined 
. Where *

iU  is i quality index after 

{ iU i=1, 2, 
m).

For { 1 2, , mU U U }, order relat ion can be established 
by the follow steps: 

1) Evaluation expert choose the most important 
quality index (on ly one) in { 1 2, , mU U U }, which is 

denoted as *
1U ; 

k) Evaluation expert choose the most important 
quality index in remainder [m-(k-1)] quality indexes, 
which is denoted as *

kU ; 

m) After (m-1)th choose, the remainder quality  index 
is denoted as *

mU . 
In this way, an order relation is only determined. 
Step 3: Comparison judgment of relative important 

degree between adjacent quality index kU and 1kU

1 / , , 1, ,3,2k k kr w w k m m              (1) 

Step 4: Calculating weight kw
1

2
)1(

m

k

m

ki
im rw                                                  (2) 

kkk wrw /1 , 2,3,,1, mmk                                 (3) 

Where mw is the weight of quality index k . Then 
weight set of quality index is denoted as 
W={ 1 2 3, , , , kw w w w, kw, }.      

Step 5: Establishing fuzzy comprehens ive evaluation 
system. 

Common set V and fuzzy relat ion R is quantization, 
and fuzzy comprehensive evaluation system is 
established. 

Step 6: Fuzzy comprehensive evaluation 
Final fuzzy evaluation is conducted, which is denoted 

as: 

55

44

33

22

11

RW
RW
RW
RW
RW

WRWB
                                          (4) 

Final scores of some quality index is denoted as A: 
VBA                                                              (5) 

V. A CASE STUDY 

The product of some Enterprise, Lubricant station 
F335 is introduced as an example to established hierarchy 
structure of evaluation index system of design quality. 
The evaluation index system of design quality is 
composed of total quality object, quality rule and quality 
index, which describes the hierarchy relationship and 
related attributes among quality object, quality rule and 
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quality index. The system considers all influence quality 
factors of product life cycle, in order to make the system 
suit most products, that is to say, the system includes 
most indexes of general product basically. 

In order to obtain objective evaluation result, expert  
group of Quality evaluation (20 experts) is retained to 
evaluate the design quality of the product, and both 
design quality evaluation set U={product performance 
product performance index (U1), product structure index 
(U2), product agility (U3), product economy (U4), product 
green properties (U5)}, and common set V={Excellent, 
good, middle, qualified, unqualified} are established. 

Suppose that quality expert i  evaluate product 
performance product performance index (U1), product 
structure index (U2), product agility (U3), product 
economy (U4), product green properties (U5) respectively. 

Step 1: Importance ordering 
* * * * *

1 5 2 4 3 1 2 3 4 5U U U U U U U U U U* * * * *
5 2 4 3 1 2 3 4 5U U U U U U U U U* * * ** * *
5 2 4 3 1 2 3 4 55 2 4 3 1 2 3

Step 2: Rat ios of importance degree between adjacent 
quality indexes are given by quality expert: 

31 2 4
1 3 4 5

2 3 4 5

** * *
1.3, 1.2, 1.2, 1.4

* * * *

ww w w
r

w w w w
r r r

Step 3: Calculating weight jw
Step 4: The weights of quality indexes (includes U1,

U2, U3, U4, U5) are obtained, which are as follows: 
* * *

1 1 2 3 3 50.3007, 0.1927, 0.1147w w w w w w
* *

4 4 5 20.1606, 0.2312w w w w
In this way, three grade indexes of the product design 

quality are ordered according to their importance by 20 
quality experts, and Rat ios of importance degree between 
adjacent quality indexes are g iven respectively, each 
quality expert determines weight of every quality index 
respectively. So, each  quality expert obtain a table of 

 then 
the comprehensive weight of each quality index is 
obtained. It is shown as Table I. 

TABLE I 
COMPREHENSIVE WEIGHTS OF QUALITY INDEXES 

Second grad index Third grad index Comprehensive 
weight Second grad index Third grad index Comprehensive 

weight

Product 
performance
0.2547

practicability 0.1237
Product agility
0.1887

Productivity 0.2798
suitability 0.1207 Product handling 0.2076
operability 0.1077 Reconfigurability 0.1912
stability 0.1013 Parts generality 0.1887
safety 0.0982 Serialization 0.1328
adaptability 0.0773

Product economy
0.2365

profit 0.4501
manufacturability 0.0735 cost 0.2500
debugging 0.0674 price 0.2012
fault testability 0.0652 Product lifecycle 0.1031
assembling ability 0.0624

Product green 
property
0.1454

pollution 0.2698
maintainability 0.0522 Harm to human health 0.2076
technical support and 
service 0.0453 Optimum utilization of 

resource 0.1887

Product structure
0.1765

Reliability 0.2156 Sustainable utilization of 
energy 0.1887

Product appearance 0.1856 Recycling and reusing 0.1452
Structure similarity 0.1685
Machining ability 0.1524
Part assembling ability 0.1470
Structure compactness 0.1400

The product design quality is graded by Common set 
V, which is quantified as V={0.9, 0.8, 0.7, 0.6, 0.3}. The 
final weights of the product quality indexes are obtained 
by establishing fuzzy comprehensive evaluation system. 
It is shown as Table II. 

According to Equation (4), (5), the calculation result is 
equal to 0.73, then the evaluation score of the product 
design quality is 0.73, that is the grade of the product 
design quality is normal. 

VI. CONCLUSION 

(1) The key factors that influence product quality in 
operation process of supply chain are determined, which 
are design, purchasing, manufacturing, sale and service. 

On the basis, evaluation system model of product quality 
oriented lifecycle in supply chain is established, which 
could reflect actual state of product quality  in  supply 
chain more completely and systematically. 

(2) Aiming at complex, dynamic and mult i-variable 
quality in supply chain, G1 is applied to determine 
weights of product quality indexes, which could solve the 
problem that it is not necessary to reorder the quality 
indexes in the case of their changes (increase or decrease);
and intrinsic fuzziness of expert judgment is considered, 
fuzzy comprehensive evaluation (FCE) is applied to 
establish mathematical evaluation model of product 
quality oriented lifecycle in supply chain. 
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(3) The product of some Enterprise, Lubricant station 
F335 is introduced as an example to evaluate its design 
quality, the evaluation result is consistent with the actual 
condition of the enterprise. It is further verified that the 
method of G1 and FCE is reasonable and reliable. An 
effective way is provided for continuous assurance and 
improvement of product quality in supply chain. 
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TABLE II 
FUZZY COMPREHENSIVE EVALUATION WEIGHTS OF F335  

Second grad index Third grad index Comprehensive 
weight Second grad index Third grad index Comprehensive 

weight

Product 
performance
0.2547

practicability 0.1237

Product agility
0.1887

Productivity 0.2798
suitability 0.1207 Product handling 0.2076
operability 0.1077 Reconfigurability 0.1912
stability 0.1013 Parts generality 0.1887
safety 0.0982 Serialization 0.1328
adaptability 0.0773

Product economy
0.2365

profit 0.4501
manufacturability 0.0735 cost 0.2500
debugging 0.0674 price 0.2012
fault testability 0.0652 Product lifecycle 0.1031
assembling ability 0.0624

Product green 
property
0.1454

pollution 0.2698
maintainability 0.0522 Harm to human health 0.2076
technical support and 
service 0.0453 Optimum utilization of 

resource 0.1887

Product structure
0.1765

Reliability 0.2156 Sustainable utilization of 
energy 0.1887

Product appearance 0.1856 Recycling and reusing 0.1452
Structure similarity 0.1685
Machining ability 0.1524
Part assembling ability 0.1470
Structure compactness 0.1400
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Abstract - The total cost error and the costing system
robustness were influenced by measurement errors under
different resource sharing patterns. According to the 
analysis of Time-Driven Activity-based Costing calculation 
process, we propose the cost error models for variables of 
unit time and quantity to increase the costing system 
sensitivity to errors for the aspects of diversity studied,
analyze the robustness to measurement errors under 
different resource sharing patterns. We also identify 
conditions where allocating costing system limited resources 
to cases characterized by high diversity in resource sharing 
patterns is detrimental to improve cost accuracy.

Keywords - Cost management, measurement errors,
resource sharing, time-driven activity-based costing

I.INTRODUCTION
The accuracy of cost analysis directly affects a firm 

to improve the cost and correct the process of production 
or service [1] [2]. However, the indirect cost is so difficu lt 
to tracing its orig in directly but easy to produce deviation, 
a wide deviat ion will d irectly  affects the 
decisions [3]. So in the different background of resource 
allocation, deviation will lead to  the different cost errors 
eventually. The most common deviat ion is called 
measurement errors which are caused by the estimate [4].
Thus, crucial to analyze the total cost deviation caused
by different measurement errors and the costing system
robustness under the different resource sharing patterns,
use scientific cost accounting methods to build 
measurement errors analysis model.

With the production or service presenting 
personalized characteristics in  the modern firm, 
time-driven activity-based costing (TDABC) arises at the 
historic moment. It can be more rapidly  established than 
activity-based costing (ABC) and easier to be updated and 
maintained, at  the same time, it can response the complex 
operation of actual situation more flexib ly, eliminate 
tedious and subjectivity process in the allocation o f
resources to activities, fill the gaps that ABC produces 
more errors in computing [5], and improve the accuracy of
cost accounting. 

There were some valuable research results in the 
study of costing accuracy, including that there was setting 
or offsetting effect  between measurement errors and other 
errors when changing variable values in ABC [4]; it
proved the interaction between measurement errors and 
other errors by using simulation data, [6]; it  proved that 
increasing the diversity of resource sharing would 
enhance the robustness to measurement errors in the cost 
drivers [7]; according to d ifferent production environments, 
choosing correlation method or cost rules can reduce cost 

errors in ABC [8]. However, these studies are general 
research on ABC errors and there was not detailed 
research on resource sharing under some specific 
production environments. The conclusion that uses some 
specific experimental data or simulat ion method was 
vague and not general. In fact, it s clearer and has 
stronger commonality to choose a more accurate cost 
accounting method to build a theoretical model that 
analysis cost errors in  the consideration of production or
service environment. Such as the resource of doctors and 
nurses in hospital, compared with the nurses  cost, the 
doctors  is apparently much higher. If some div ision of 
activities is not so clear that the allocation of these two 
resources is confusing, it will not only cause a waste of 
resource and raise the cost, but also make the doctors
cost confused and lead to some  greater measurement 
errors. At the same time, due to the difference of patients
condition or quantity every day, it s more reasonable to
allocate cost based on TDABC. 

Therefore, we study the measurement erro rs of cost
in the firm based on TDABC and establish its model fo r 
cost errors. By setting two specific resource sharing ways
(resource cost consumed evenly and resource cost
consumed extremely unevenly) in the firm s production or
service environment, we analyze the total cost error
caused by different measurement errors and the
robustness of costing system under different resource
sharing patterns.

II. CONCEPT DEFINITION

A. Measurement Errors in Product Cost Estimates based
on TDABC

Fig.1. ME in product cost estimates based on TDABC

Cost object

Cost driver rate Quantity

Typically 
assumed:

no errors[9]

Direct cost Indirect cost

Cost

ME

Practical capacity÷

ME

Unit cost Unite time ×

ME

×

ME
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Measurement errors (ME) occurs when variables to 
be measured are not supported by well-defined 
measurement guideline or measurement techniques, it is a
kind of common errors in the indirect cost allocation [4]. In
accordance with the accounting process of TDABC,
measurement errors may exist in four variables as shown
in Fig.1 [9]: (1) measurement errors in the cost (MEC); (2) 
measurement errors in the practical capacity (MET); (3) 
measurement errors in the unit time(MEU); (4) 
measurement errors in the quantity (MEQ).

B. Diversity in Resource Sharing
To illustrate the diversity in resource sharing, the

parameter TCD (distribution of total cost) is introduced.
We define that xi represents the cost that ith resource pool
consumed, X represents the mean value of the total
indirect cost. cw is the sum of the absolute deviation of

resource pools defined as
n

i
i Xx

1
and cmax is the

maximum deviation defined as Xxi

n

i 1
max . There are no

restricted conditions about each resource pool to cost
consumption, then [6]:

Xx

Xx
TCD

i

n

i

n

i
i

c

cw

1

1

max max

Fig.2. TCD close to 1 

Fig.3. TCD close to 0 

Accordingly, if TCD is close to 0, the cost is
consumed more equal among resource pools, denoted by
LTCD. If TCD is close to 1, then the cost is consumed 
much less equal among resource pools, denoted by HTCD. 
As shown in Fig.2 and Fig.3, it can be regarded as LTCD 
when the cost of each resource pool is c(C=n×c); it can be
regarded as HTCD when  most of the cost is consumed by
nth resource pool but less is consumed by the first n-1 
resource pools ( is min imum rather than maximum. 
Because if is maximum, it illustrates that most of the 
cost is consumed evenly among the n-1 resource pools 

and the remain ing pool consumes litt le cost. It reflects the 
condition of LTCD and  conform to the defin ition 
of HTCD.). 

III. CONSTRUCTION OF ERRORS BENCHMARK 
MODEL 

A. Construction of the Total Cost of Errors Formula 
Suppose the total indirect cost is C, and there are m 

activities, n resource pools and s cost objects. So we can
establish the errors benchmark model based on TD-ABC 
method as follows: 

(1) Definition of the variables 
The cost matrix of each resource pool

is 121 nncccC . The practical time of each
resource pool is 121 nntttT . The unit time matrix
of activit ies is jkuU (j m; k= n). The
quantity matrix is ijqQ ( j m).

(2) Logical expression of computation 
Unit  cost of each resource pool can be expressed 

as
T

kk tcTC (k n) 

Where 
k

k

t
c

is the unit cost of the k th activity,

k n. 
The distribution ratio of the cost driver can be

expressed as

1
21 ,...,,

n
nm

T
m T

CUrrrR

Where 
n

k k

k
jkj t

c
ur

1

 represents the unit activity 

cost of jth activity. 
The cost matrix of cost objects can be expressed 

as

1
21 ,...,,

n
nmms

T
s T

CUQcococoCO     (1) 

Where 
m

j
jiji rq

1
co is the cost of ith cost object, 

qij is the quantity that the ith cost object consumes the jth
activity. ujk is the unit time o f the jth activity in the ith
resource pool. i s. j m. k n. 

The total cost error of all the cost objects can be
expressed as

We define the standard cost matrix of cost objects 
as T

stctctcTC ,,, 21 , simulated (false) cost matrix 
as T

sfcfcfcFC ,,, 21 . Considering the offsetting 
relationship between the positive errors and negative 
errors of cost objects, the total error in the cost accounting 
can be expressed as[10]

s

ii

ss

fctc

fctcfctcfctc

1i

2

22
22

2
11EUCD (2) 

Where tci gives the true cost accruing to cost object I
in the true benchmark scenario, and fci is the (false) cost

The total cost C

Resource 
pool nth

Resource 
pool n-1th

C-(n-1)

… Resource 
pool 1st

The total cost C

Resource 
pool nth

c

Resource 
pool n-1th

c c

… Resource 
pool 1st
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allocated to cost object I by the costing system
approximation.

B .Construction of Measurement Errors Model
In this paper, we only construct and analyze

measurement errors for two important variables: unit  time 
and quantity.

(1) Measurement errors existing in the unit time 
Due to the unit time is also obtained by estimated or

interviewed, measurement errors may occur in some 
activities. Measurement errors in the unit time can  come 
in several forms, but this article only choose one form so
as to calculate and compare in the form of mathemat ical. 
Suppose that the unit time about each activity can produce
errors, its scale is j ( j (-1,1),j m) and its 
proportion of measurement errors is equal in all resource 
pools. So it can be expressed as

nmmnmm

n

n

mm uuu

uuu
uuu

21

22221

11211

m

2

1

100

010
001

When there are no measurement errors in  the whole 
cost accounting, the standard cost matrix of cost objects 
can be expressed as
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When there are measurement errors in the unit time, 
the false cost matrix of cost objects can be expressed as
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So according to the formula (2), when the 
measurement errors exist in the unit time, the total error in 
the cost accounting can be expressed as
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(2) Measurement errors exiting in the quantity 
Due to the observation statistics of managers, the 

distribution of each  activity on all cost objects may lead 
to measurement errors. Suppose that the quantity about 
each cost object can produce errors and its scale is i ( i

(-1,1),i=1,2,...,s). So it can be expressed as
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When there are measurement errors in the quantity, 
the false cost matrix of cost objects can be expressed as
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Of course, the standard cost matrix is the same with 
the former formula (3). So  according to the formula  (2), 
when the measurement erro rs exist in the quantity, the 
total error in the cost accounting can be expressed as
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IV. ANALYSIS FOR THE DIVERSITY OF 
RESOURCE SHARING 

As mentioned in the first part, the consumption 
patterns of total cost is divided into two cases.
Specifically, the contents are as follows: 

a. (HTCD): Suppose that all the resource pools from 
1 to n-1 consume units cost, but the remain ing cost is
consumed by the resource pool n. So c1 cn-1= , 
cn=C-(n-1) , ( is minimal, );

b. (LTCD): Suppose that the total cost is evenly 
consumed by all the resource pools. Soc1 cn=C/n=c. 

Next, we will discuss the effect of total cost 
consumption on measurement errors in each variable. 

A. About the Unit Times of Activities
According to the formula (5), when measurement 

errors exist in the unit  time, we calcu late the total error in 
the cost respectively in HTCD, LTCD: 
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 What does the two consumption patterns of resource 
effect on the measurement erro rs in the unit time? It needs 
to compare  EUCDMEU-HTCD and EUCDMEU-LTCD. We
should discuss in two different conditions: 

Hypothesis 1: The sum that the unit times of all 
activities in nth resource pool account for its practical 
time is less than the average value that the unit times o f
all activ ities account for practical time in all resource 
pools, it can be expressed as
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Based on the above hypothesis 1 and returning to the 
expressions EUCDMEU-HTCD and EUCDMEU-LTCD, it must 
have the following expression established:
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Conclusion 1-1: When the sum that unit times of all 
activities in nth resource pool account for its practical 
time is less than the average value that the unit times o f
all activ ities account for practical time in all resource 
pools, the greater the diversity in resource sharing in
resource pools, the smaller the MEU. It also suggests that 
as the diversity in resource sharing increases, the 
robustness of costing system will be strengthened. 

Hypothesis 2: The sum that the unit times of all 
activities in nth resource pool account for its practical 
time is greater than the average value that the unit times 
of all activ ities account for practical t ime in all resource 
pools, it can be expressed as
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Based on the above hypothesis 2 and returning to the
expressions EUCDMEU-HTCD and EUCDMEU-LTCD, it must
have the following expression established:
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Conclusion 1-2: When the sum that the unit t imes of
all activit ies in nth resource pool account for its practical 
time is greater than the average value that the unit times 
of all activ ities account for practical t ime in all resource 
pools, the greater the diversity in resource sharing in
resource pools, the greater the MEU. It also suggests that 
as the diversity in resource sharing increases, the 
robustness of costing system will be weakened. 

Obviously, the above two conclusions are also 
applicable to other resource pools and universal. 

B. About the Activity Quantity
According to the formula (7), when measurement 

errors exist in  the quantity, we calculate the errors of total 
cost respectively in HTCD, LTCD: 
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What does two different consumption patterns of
resource effect on the measurement erro rs in the quantity? 
It needs to compare EUCDMEQ-HTCD and EUCDMEQ-LTCD. 
We should discuss in two different conditions: 

Hypothesis 3: the same as hypothesis1, so it can be
expressed as  

m

j

n

k k
jk

m

j n
jn t

u
nt

u
1 11

111

Based on the above hypothesis 3 and returning to the
expressions EUCDMEQ-HTCD and EUCDMEQ-LTCD, it must
have the following expression established:
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Conclusion 2-1: When the sum that the unit times of

all activit ies in nth resource pool account for its practical
time is less than the average value that the unit times of
all activ ities account for practical time in all resource
pools, the greater the diversity in resource sharing in
resource pools, the smaller the MEQ. It also suggests that
as the diversity in resource sharing increases, the
robustness of costing systemwill be strengthened.

Hypothesis 4: the same as hypothesis 2, so it can be
expressed as
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Based on the above hypothesis 4 and returning to the
expressions EUCDMEQ-HTCD and EUCDMEQ-LTCD, it must
have the following expression established:
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Conclusion 2-2: When the sum that the unit t imes of
all activit ies in nth resource pool account for its practical 
time is greater than the average value that the unit times 
of all activ ities account for practical t ime in all resource 
pools, the greater the diversity in resource sharing in
resource pools, the greater the MEQ. Meanwhile, it also 
suggests that as the diversity in resource sharing increases, 
the costing system ness will be weakened. 

Obviously, the above two conclusions are also 
applicable to other resource pools and universal. 

V. CONCLUSION 

We use TDABC as an analysis tool and set two types
of resource sharing situations to study the effect of
various measurement errors on the cost accuracy. It s
helpful for managers to analyze the effect of different
resource consumption on the measurement errors and cost
accuracy and understand the true cost of each product or
service. Finally, it provides strong support for firm to
establish scientific cost analysis and control systems,
improve the level of cost management, and strengthen the
competitive power.

Through modeling and analyzing, it finds that the 
total cost error caused by unit time is the same as by the 
variable of quantity. When the sum that unit times of all
activities account for its practical t ime in the resource
pool which consumed most of the cost is less than the
average value that the unit times of all act ivities account
for practical time in all resource pools, the greater the
diversity in resource sharing in resource pools, the smaller
the measurement errors existing in the unit t ime or
quantity. It also suggests that as the diversity in resource
sharing increases, the robustness of costing system will be
strengthened. When the sum that the unit times of all
activities account for its practical t ime in the resource
pool which consumed most of the cost is greater than the
average value that the unit times of all act ivities account
for practical time in all resource pools, the greater the
diversity in resource sharing in resource pools, the greater
the measurement errors existing in the unit t ime or 
quantity. It also suggests that as the diversity in resource
sharing increases, the robustness of costing system will be
weakened.

We still use the medical resource as an example and
define resource pools as a doctor pool and a nurse pool.
Meanwhile, we use the time that the doctor spent on each 
patient as unit time. If some division of activ ities is 

confusing (some simple activ ities are fin ished by doctors 
instead of nurses), it may cause measurement errors in 
unit time. It not only makes the cost higher, but also 
makes the costing system s robustness weaker. In other 
words, the cost itself is not controlled reasonably and the 
cost accuracy is descended.

Meanwhile, our study has several limitations. Firstly,
the cost consumption patterns are diverse in other 
different conditions. In addition, aggregation errors is
essentially different from measurement errors [11] and they
have different mathematical expressions. In the future, we
can continue to study the effect of aggregation errors on
the cost accuracy.
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Fig.1. The frame of Virtual Reality technique applying in ergonomics 

Applied Research on Virtual Ergonomics for Vehicle Based on SolidWorks

Liang ZHANG1, Ding-dan WEN2, Pei-zhou SUN2, Ping ZHANG2,*
1School of Mechanical and Automotive Engineering, Hefei University of Technology, Hefei, China

2School of Architecture and Arts , Hefei University of Technology, Hefei, China
(Zhangp163@163.com)

Abstract - This article focus on virtual ergonomics 
evaluation based on SolidWorks. The authors have created 
the parametric human models based on the software 
SolidWorks. These models have different percentiles; they 
can switch from one to another rapidly. Not only did the 
shape simulate from human beings, but also the motion of 
joints followed the people do. In vehicle design, virtual 
human model can be used to test if the product is better for
people to use when it is just a digital model. So it is
available and economic for the engineers and designers at 
work.

Keywords Configuration, parametric human model, 
percentile, vehicle design, virtual ergonomics

I. INTRODUCTION 
Nowadays has got giant achievement which can

create realistic art ificial simulated environment by multi
high technology. Virtual Reality In  the field of
ergonomics, Virtual Reality brought great improvement 
about human-computer interaction technique and 
provided a new convenient interaction means for the 
application. In the process, the human model plays more 
and more important ro le  between human and products. It
can give the virtual test and evaluation if it is
comfortable or not, or how to fit the users in the process 
of product design. The designer can get the virtual 
informat ion about the users to use the products before the 
products can be manufactured, then they can decide if to
produce the product or to improve it [1]. This may reduce 
the cost and shorten the period of research and 
development. As you know, we have a lot of software to

building human models, such as CATIA, POSER. But 
SolidWorks has great characteristics. It is a set of 3D
software for mechanical design which is very popular to
Industrial Designers, and more important thing is that has 
the more strong functions of modeling and virtual 
assembly, so you can test the product easily in
SolidWorks [2][3][4].

II. VIRTUAL REALITY TECHNIQUE APPLYING IN 
ERGONOMICS 

How does Virtual Reality technique combine with
ergonomics? The main points lie in building prototype,
virtual human model and virtual environment by Virtual
Reality technique, and then give test and evaluation
about ergonomics capability of design and biomechanics
report about people at work. According to this, designer
can keep enough health care and occupational safety to
people. They display in the following aspects [5][6][7]:

1. Test and evaluation of workspace
2. Evaluation of environment effect
3. Analysis of kinematics and dynamics
4. Evaluation about ergonomics capability of

comfort and operability
5. Design of human-computer interface
6. Virtual design, virtual manufacturing, virtual

assembly, virtual repair
The frame model of Virtual Reality technique

applying in ergonomics is shown in Fig.1.
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III. SIMPLIFYING THE HUMAN MODEL AND 
CONFIRMING THE DIMENSIONS 

A. Creating the parts of human models
As SolidWorks only can be used for mechanical

design, in this study, we must simplify the models to
some parts like a machine tool based on human body
skeleton form. The model is divided into 15 parts: head,
neck, trunk, left upper arm, left former arm, left hand,
right upper arm, right former arm, right hand, left th igh,
left shank, left foot, right thigh, right shank and right foot.
These parts can be connected by some hinges, such as
ball hinges, then the human models can be assembled
together.

B. Confirming the dimensions  
We confirm the control dimensions of parts

according to the anthropometrics data. Some can be used
directly, some must be deduced. Moreover, some
dimensions cannot be deduced from the data directly,
such as the neck length, which is not the key dimension
and can be modified after assembly by checking the
whole high of the model.

IV. PARAMETRIC DESIGN USING 
CONFIGURATION FUNCTION

Configurat ion function is a great feature of
SolidWorks. The user can establish different dimension 
models by design tables; then modify the parameters 
according to the request to provide many designs, and 
switch one model to the other rapidly. 

There are  two  important steps to process the 
models: 

1) Choosing percentiles [8]

2) Creating parametric parts of the models (Tab le I 
shows the different dimension)  

TABLE I 
 ANTHROPOMETRICS DATA (FOR EXAMPLE)   [mm] 
Items 5th %ile 50th %ile 95th %ile

1 Head length 210 230 250
2 Upper arm length 289 313 338
3 Former arm length 216 237 258
4 Palm length 163 173 183
5 Shoulder breadth 344 375 403
6 Thigh length 428 465 505
7 Crus length 338 369 403
8 Foot height 71 75 80
We create a  model according to some percentile 

firstly, and then modify the dimensions in turn to gain 
the rest by the configuration function. For example, we
choose the dimension of 5 percentile to create the upper 
arm model firstly, and add the configuration of 50
percentile and 95 percentile, then modify the dimensions 
of these two percentiles in  different configurations, Fig.2 
shows the models of upper arm for different percentiles 
[9]. 

Fig.2. The models of upper arm for different  percentiles 
The others, such as forearms, thighs, etc, can be

done like this. But the trunk is little b it complex, because 
it is the base parts of model, the others must be
connected to it (As showing in Fig.3) [10]. 

Fig.3. Half ball forms in assembly 

Fig.4. Three freedoms of neck joint

V. ANALYZING THE ASSEMBLY RELATIONSHIP 
BETWEEN PARTS AND THE ASSEMBLY

A. Analyzing the assembly relationship between parts  
In the assembly, parts are connected by joints which 

are neck jo ints, shoulder jo ints, elbow jo ints, wrist joints, 
knee joints and ankle joints. In So lidWorks, a  jo int just 
can control movement in single  plane. For example, the 
neck joint has three freedoms, which include 
flexion/extension, lateral bending and axial rotation. We
use the head joint, neck joint and a ball to mate to
implement, refer to Fig.4 and Fig.5, the ball control 
flexion/extension, neck jo int control lateral bending and 
head joint control axial rotation [11][12].

According to this, we can deal with the mate at
shoulder point, wrist point and the rest. For the one
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freedom joint, such as elbow point, it is easier to deal 
with, even without the ball parts.  

B. Building the assembly
Loading the parts in turn to a new document, and 

make sure about the assembly relationship between the 
near two parts. For example, show you how to assemble 
the neck. Firstly, load the trunk, and make it fix, then 
load the ball restricting the movement range of the joint. 
Load the neck and control the mate relationship between 
them [13]. Finally, load the head restrict ing the movement 
range of the joint, as show in Fig.5.  

Fig.5. Parts mate in the neck 

C. Building Configurations of the assembly  
In the assembly, we need to build three 

configurations to fit three percentile models, and build 
the reference relat ions between the different 
configurations of the same part and the configuration of
the assembly. Fig.6 shows the limited the movement 
range of the joints. 

Fig.6. Restricting the movement ranges of the joints 

VI. THE APPLICATION OF VIRTUAL HUMAN 
MODELS IN DIFFERENT PRODUCT DESIGN [14][15]

The application of v irtual human models in different
kinds of vehicle design is shown in Fig.7, Fig.8, and
Fig.9. Among them, Fig.7 is shown the application of 
virtual human models for interference checking in 
forklift cab. Fig.8 is shown the application for evaluation 
of field of vision in fork lift truck. The shadows area
showed the normal vision and mesh area showed blind
area. Fig.9 is shown the application for evaluation of 
accessibility in forklift cab.

Fig.7. Application of virtual human models for interference checking in 
forklift  cab 

Fig.8. Application for evaluation of field of vision in fork lift  truck 

Fig.9. Application for evaluation of accessibility in forklift  cab 

VII. CONCLUSIONS
Nowadays, virtual ergonomics has got great 

achievement in industrial design. So the human model 
plays more and more important role  in  the design of
interface between human and products. It can be used to
test if the product is better for people to use. This article 
has created the parametric human models based on the 
software SolidWorks. These models have different 
percentiles; they can switch from one to another rapidly. 
Not only did the shape simulate from human beings, but
also the motion of jo ints followed the people  do. In  the 
future, we have more and more work to do to develop the 
feature of virtual human models. More importantly, the 
virtual human models  can be used to test the ergonomics 
characteristics for vehicle design effectively and 
economically. 
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1 Abstract - In this paper, we utilize Chinese
intelligent manufacturing panel data during
2010-2013 to evaluate technology innovation efficiency.
Studies have shown that the average technology
innovation efficiency of intelligent manufacturing
industry is in the rising stage, but the overall efficiency is
still relatively low. Differences in technology innovation
efficiency in various fields of intelligent manufacturing
industry is relatively obvious. The development of CNC
machine tool industry is relatively mature, while the
technical development of intelligent manufacturing
complete sets of equipment area is still in its infancy.

Keywords - CNC machine tools, intelligent
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I. INTRODUCTION
According to the modern economic growth theory,

technology progress and innovation are important
factors in determin ing economic growth [1]. Since
entering the 21st century, China has gradually become
the world's manufacturing plant. In the guidance of the
strategy of "secondary innovation", we not only have
accumulated a wealth of manufacturing technology, but
also accumulated abundant R&D knowledge and skills.
With the increasingly fierce international competition
and the development of economic and technological
globalization, Chinese enterprises have to face the
direct competition from global leader companies in
foreign market even in the domestic market. If Chinese
companies only take the learning style of imitation and
reverse engineering to carry out a local search in order
to catch up with technology and then achieve the
middle of technical chain , they are usually t rapped in a
"chasing---backward---chasing again---fall behind 
again" cycle [2], and even fall into the trap of "local
lock". You-lun Xiong believes that intelligent
manufacturing representatives the dominant trend and
inevitable result of manufacturing industry digitization,
networking and intelligent, contains a wealth of
scientific connotation (artificial intelligence,
bio-intelligence, brain science, cognitive science,
bionics and materials science), and it becomes high
vantage point of high and new technology (internet of
things, intelligent software, intelligent design,
intelligent control, knowledge base, model libraries,
etc.) and brought together a wide range of industrial
chains and industrial clusters. It will be an important
development direction of the new round of world
scientific and technological revolution and the
industrial revolution [3]. Xin Xie believes that 
intelligent manufacturing is in the basic of integration 
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of modern sensor technology, network technology, 
automation technology, anthropomorphic intelligent 
technology and other advanced technology, through 
intelligent perception, human-computer interaction, 
decision-making and implementation of technology, 
achieve design process and manufacture process
intelligent [4]. Chinese intelligent manufacturing
industry is in a weak position in international
competition and at the end of the industrial technology
chain. Even some are in branched chain or supporting
technology chain and assistive technology chain. On
the one hand, enterprises are in the face of fierce
competition from the global, they want to achieve
technological catch-up by the introduction of high and
new technology from other enterprises. On the other
hand, in the reality background of a huge technology
gap between developed countries, enterprises worry
facing huge costs and risks, and then they may be
caught in a dilemma while they carry out autonomous
technological innovation. Technological innovation
efficiency research will help us understand more
clearly about its process of technological innovation
inputs and outputs so that enterprises and the
government sectors can make decisions.

Numerous empirical studies have proved that
technology innovation is the main factors influencing

efficiency, so an army of enterprises are
paying more attention to efficiency of technology
innovation. From the angle of enterprise, innovation
brings them competitive edge, prevent potential
competitors from entering and seizing the market, thus
high entry barriers are created and these enterprises
take the lead in accumulating market knowledge,
occupy a bigger market share and then get favorable
development space. However, research on efficiency of
technology innovation from microscopic perspective of
enterprises is still scarce. Outstandingly, employing
panel data on provincial level from 1985 to 1997, Li-an
Zhou and Kai Luo (2005) conduct research on
disparities between enterprise scale and
innovation by adopting dynamic panel model [5]. They
found that enterprise scale bolsters innovation
marked ly, while non-state-owned enterprises rather
than state-owned enterprises serve the positive function
of enterprise effects on innovation. Meanwhile,
innovation bears significant cumulat ive effects and
economic openness makes for level improvement of
innovation activities. Using panel data of large
and medium-sized manufacturing enterprises, Jefferson
et al. (2006) study innovation effects on
enterprises. They confirm technology innovation
indeed promotes development of enterprises, facilitates
new product introduction, and improves enterprise
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efficiency [6]. On the basis of a large number of
questionaries, regarding manufacturing enterprises in
Jiangsu province as samples, Jie Zhang, Zhi-biao Liu
and Jiang-huai Zheng investigate key factors which
affecting innovation activities from the
microscopic behavior level and found that there exists
an obvious inverted U shape curve between enterprise
scale and innovative input intensity, as well as

Rather than exert ing stimulant
effects on innovation activities, industry
build-up effect exerts certain negative effects at the
present stage. Export factors forms complex
influencing effects on innovation activities.
Adopting manufacturing panel data from 2000
to 2009, Zao Sun and Wei Song estimate effects of

R&D input on industrial innovative
performance and found that in comparison with
state-owned enterprise, private enterprises are provided
with more strikingly positive correlat ion between R&D
input and industrial innovative performance [7].

Above handful research contribute to our
knowledge of influencing factors of Chinese

innovation activities and industrial
innovation efficiency. Unlike above literature research,
this paper analyzes the efficiency of technology
innovation emphatically from the angle of intelligent
manufacturing enterprises and key factors influencing
the intelligent manufacturing technological
innovation efficiency, thus puts forward improvement
measures on this basis.

five-yea

pointed out that comprehensive research on intelligent 
manufacturing technology would be the core content of 
developing high-end equipment manufacturing  
industry and the n
shift from a big manufacturing nation to a great one. It 
means that technological innovation of intelligent 
manufacturing, which defines enterprises as the 
principals to implement technological innovation, has 
become a significant national strategy. In term of clear 
policy guidance, the follow-on question is what  the 

overall technological innovation efficiency is. Whether 
Chinese intelligent manufacturing enterprises is in 
possession of a strong independent innovation strength 
or not? These issues will be studied and analyzed  
empirically.

Covering numerous fields, to have a foothold on
high-end level, highlight the key points, focus the
limited sight, seize the first chance of strategic
development and boost the healthy and rapid
development of intelligent manufacturing industry, the
intelligent manufacturing lean its policy priorit ies to
cultivation of high-end fields like high precision NC
machine tools, 3D printing, and robots, which gain
rapid development. According to latest data released by
Gardner, the total output value of machine tools among

28 major producing countries or regions in
2012 is about $93.21 billion. China is still the
biggest manufacturer. Japan is in the second place, with
Germany on its heels. It indicates that NC machine tool

industry possesses a comparatively mature
development. Other development areas of intelligent
manufacturing can learn from its development model.

II. RESEARCH METHOD

A. Selection of research method
Data Envelopment Analysis (Data Envelopment

Analysis, DEA for short), put forward by famous
American operational research experts A. Charnes and
W. W. Cooper et al. [8], is A blend of mathematics,
operational research, mathematical economics and
management science knowledge. an efficiency
evaluation method on the basis of relative efficiency
concept. Depending on input and output data of
analysis and decision making units, DEA employs
mathematical programming (main ly contains:
multi-objective programming, linear programming,
generalized optimization with cone structure, class
infinite programming, stochastic programming) to
evaluate the relative efficiency of mult iple input and
multip le output decision making units [9]. DEA method
has been widely used in various fields, its advantage
lies in : (1) no need to estimate the production function
of input and output, thus avoids error function; (2) no
need to worry about dimensional normalizat ion and the
determination of index weight, thus ensures objectivity
of evaluation; (3) DEA model has strong adaptability
of multip le inputs and complex structure
system; (4) it can not only evaluate efficiency value of
each decision making unit, but also point out input and
output adjustment direction and value of invalid
decision making units, that is, how to get the same
output with less investment or get more output with the
same input [10].

Traditional DEA methods, such as the CCR model
and the BBC model, when evaluating efficiency of
decision making units, they do not consider the effect
of slack variables, may cause deviation of efficiency
measure. In this paper, we adopts efficiency evaluation
model SBM of non-angular general scale reward to
evaluate the innovative efficiency of each enterprise.
Specific SBM model is as follows:

Subject to    
             
             
             

reflects relaxation of the input variables,
reflects relaxation of the output variable

B. The variables of input and output and the
illustrations for data
1) The selection of input and output variables

Most of the literature using the output of patent,
new product sales revenue, total revenue of enterprise
and other business indicators to measure innovative
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performance of enterprise. Among many innovative
input and output indicators, we choose four inputs and
two outputs indicators based on the consistency of data
availability and data in all decision-making units.

In the indicators of innovative input, the following
indicators are widely used such as R&D investment,
net assets invested (represented by NetAssets), R & D
personnel investment, has patented inputs (represented
by Patinvown). But because of data availability
problem, R&D personnel are replaced by corporate
employees (represented by Staffs), R & D investment,
the net assets invested are in units of million. This
article focuses on the relationship between the firm
stale and innovative intensity. From the research
method, the net assets or employees can be used to
measure the scale of business. We try to
comprehensively study the inherent relationship
between the size of firm and the innovation of
intelligent manufacturing efficiency. Existing
literatures generally use R & D investment of
cooperation or the number of engineers and scientists.
Based on the availability of data, this article will use
the R & D investment as a variable of input. As an
innovation might inspire and spawned a number of new
inventions, innovations in the past can permanently
play a role in improving the new products or
innovating the processes of production, so this article
choose the number of patents as variables of input,
making the results of experience are more reliable.

This paper choose the quantity of usual approval
patents (represented by Patg) and operating incomes
(represented by Incomes) to measure the indicators of
output of Innovation, the operating units are
million. As the capability o f innovation and the
potential signs of innovative economic value, the

patents fully reflect the potential of long-term
development in enterprise's several input and the
potential performance of industrial innovation. It is
more important that the objectivity of patent's standard
makes the data of patents have good availability and
strong comparability, and it can well reflect the
dominant performance and the potential performance in
enterprise's several input. Considering these above, we
use the output of patents as the indicators to measure
innovative performance of enterprise.
2) The source of sample data

In this paper, we use intelligent manufacturing
enterprise's panel data in China in 2010-2013 to study.
We get treated sample included 18 observations of 50
intelligent manufacturing enterprises, relevant
statistical results are shown in Table I. These 50
companies are listed in the field of intelligent
manufacturing enterprises, mainly engaged in CNC
machine tools, robotics, 3D printing, industrial
automation and control systems, intelligent control
system software and other fields. The data used in this
article such as R & D investment, net
assets, number of employees, revenue are all from
wind databases, the quantities of patents
are from the database offered by the Intellectual
Property Press in State Intellectual Property Office of P.
R. China which obtain by the service of searching for
patents. From Table I we can see that during 2010 to
2013, the mean of R & D, Staffs, NetAssets, and 
Incomes of intelligent manufacturing enterprises 
increase year by year. Our intelligent manufacturing  
enterprises are in  a state of rap id growth  and put 
increasing emphasis on technological innovation of 
enterprises.

TABLE I
THE MAIN VARIABLES DESCRIPTIVE STATISTICS

Variables Observations Mean Mean of 2011 Mean of 2012 Mean of 2013
R&D 18 4768.181 3060.287 5036.487 6207.769
Staffs 18 1694.946667 1563.88 1692.36 1828.6

NetAssets 18 105239.6883 96453.15 103089.4928 116176.422
Patinvown 18 79.04 83.92 34.64 118.56

Patg 18 30.89333333 27.84 34.64 30.2
Incomes 18 94521.2444 89891.9734 90423.3422 103248.4176

III. EMPIRICAL ANALYSIS

This section will use the SBM-NonOriented
model to evaluate the efficiency of the input and the
output in intelligent manufacturing enterprises. The
results of technological innovation SBM efficiency
values in each enterprise are shown in Table II. From
an average score of each enterprise efficiency , the
following enterprises get high points: SMTCL,
Shanghai Automation Instrumentation Co., Ltd,
Aritime, TRUKING, HUAHONGJT; several
enterprises get low points: Suzhou Boamax 
Technologies Group Co., Ltd, SCIYON, Tatwah  
Smartech, Wisesoft Co., Ltd, CAC-CITC. China's "the 
12th Five-Year Plan" determines the implementation of
innovation-driven strategy to promote industrial
upgrading and transformat ion through innovation,
aiming at stimulat ing economic development. In this
context, the Chinese government strongly supports the

development of intelligent manufacturing enterprises,
which enables
technological innovation to improve significantly. The
efficiency of technological innovation SBM value
increases from 0.347043 in 2011 to 0.553255 in 2012,
and 0.671554 in 2013. It is worth noting that
enterprises with higher SBM efficiency value of
technological innovation belong primarily to fields like
industrial automation, intelligent system control and
CNC machine tools. This highlights a fact that various

development of intelligent manufacturing is
unbalanced. In fields of CNC machine tools and
industrial automation, there emerge a group of leading
enterprises, such as SMTCL, Shanghai Automation
Instrumentation Co., Ltd. and Arit ime, which are
provided with a h igh efficiency value of technology
innovation. These outstanding enterprises basically
build their state-level technology center or inherit the
scientific payoff that the nation has obtained in its field.
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They have strong technical power and fruitfu l
achievements, and take on a number of national key
technology research. On the other hand, enterprises
with lower SBM efficiency value of technological
innovation are new entrants and on a s maller scale. A
short time-to-market disables them to get more money

from the stock market and then a lack of research and
development money leads to their low technical
innovation value. As to high-tech enterprises, broader
financing channels and more investment should be

policy advantage to boost their entrance
into the market.

TABLE II
SBM ENTERPRISES TECHNOLOGICAL INNOVATION EFFICIENCY VALUES OF 2011 -2013

Enterprise 2011 2012 2013 Mean Rank
SMTCL 1 1 1 1 1

Huazhong Cnc 0.226364 0.308381 0.654028 0.396258 31
HDCNC 0.302875 0.309029 0.276672 0.296192 40
KMTCL 0.140622 0.527022 0.202574 0.290072 41

Ght-china 0.01787 0.952993 1 0.656954 17
Himile Co., Ltd 0.02524 0.346781 0.413917 0.26198 44

DSBJ 0.028057 1 1 0.676019 15
Harbin Boshi Automation Co., Ltd 0.594319 1 1 0.864773 8

Mesnac Co., Ltd 0.23568 0.218829 0.646878 0.367129 32
Shanghai Automation Instrumentation Co., Ltd 1 1 1 1 1

Jiangsu Yawei Machine Tool Co., Ltd 0.165388 0.336647 0.575801 0.359278 33
Aritime 1 1 1 1 1
VMTDF 0.340398 0.833925 0.595317 0.58988 20
SIASUN 0.21915 0.343782 1 0.520977 22

Dalian Zhiyun Automation Co., Ltd 0.491131 0.413382 0.594237 0.499583 24
HANBELL 0.205344 0.232449 0.577536 0.338443 36

Guilin Guanglu Measuring Instrument Co., Ltd 0.363176 0.528416 0.590817 0.494136 25
Masterwork Machinery Co., Ltd 0.445647 0.547095 1 0.664247 16

RILAND 0.143223 0.359319 0.547403 0.349982 35
TONTEC 1 1 0.094141 0.698047 12

JMJJ 0.454579 0.841419 0.59906 0.631686 19
NTDY 0.351276 1 1 0.783759 9

SZSUNWIN 0.095341 1 1 0.698447 11
Suzhou Boamax Technologies Group Co., Ltd 0.151684 0.100129 0.065744 0.105852 50

FINCM 0.076726 0.316085 0.4478 0.280203 43
TRUKING 1 1 1 1 1

Dalian Rubber & Plastics Machinery Co., Ltd 0.728175 1 1 0.909392 7
Aerospace Hi-tech Holding Group Co., Ltd 0.220668 0.80904 1 0.676569 14

CAC-CITC 0.127377 0.11962 0.092376 0.113125 49
CHINARPM 0.115343 0.212444 0.59546 0.307749 39

Shanxi Qinchuan Machinery Development Co., Ltd 0.252344 0.468433 0.550956 0.423911 30
ZYS 1 0.440278 0.491641 0.643973 18

Fujian Haiyuan Automatic Equipments Co., Ltd 0.110338 0.248685 0.401228 0.253417 45
Suzhou Chunxing Precision Mechanical 0.251689 0.368433 0.355042 0.325055 37

WELLTECH 0.167813 0.317482 0.587379 0.357558 34
HUAHONGJT 1 1 1 1 1

Wisesoft Co., Ltd 0.108819 0.22787 0.171682 0.169457 47
IEFOREVER 0.118999 1 1 0.706333 10

Tatwah Smartech 0.086588 0.068758 0.253241 0.136196 48
CSG Smart Science&Technology Co., Ltd 0.043687 1 1 0.681229 13

Guodian Nanjing Automation Co., Ltd 0.928919 0.934546 1 0.954488 6
SF-AUTO 0.273858 0.394718 0.713043 0.46054 28

Iflytek Co., Ltd 0.065059 0.324485 0.977697 0.455747 29
TOPBAND 0.063886 0.522797 1 0.528894 21

Shenzhen Jieshun Science and Technology Industry Co.,Ltd 0.10662 0.407459 1 0.504693 23
HODGEN 0.241011 0.033978 0.575593 0.283527 42

SZHITTECH 0.248124 0.191651 0.488662 0.309479 38
CHN-DAS 0.207088 0.337993 0.88701 0.477364 26
SCIYON 0.120593 0.382461 0.16872 0.223925 46

Dalian Sunlight Machinery Co., Ltd 0.691087 0.335938 0.38603 0.471018 27
Mean 0.347043 0.553255 0.671554 0.523951

TABLE III
011

Enterprises R&D Staffs NetAssets Patinvown Patg Incomes
mean value of relatively high efficiency enterprises 3698.24 3678.6 55388.08 63.4 62.6 249575.6
mean value of relatively lowefficiency enterprises 2922.22 1435.72 33900.39 69.68 69.92 107273.9

TABLE IV

Enterprises R&D Staffs NetAssets Patinvown Patg Incomes
Mean value of relatively high efficiency enterprises 8904.466 3645 64758.14 126 89.8 219081.7
Mean value of relatively low efficiency enterprises 4360.759 1498 45002.87 139.6 102.16 107160.4

TABLE V
OF RELEVANT ENTERPRISES IN 2013

Enterprises R&D Staffs NetAssets Patinvown Patg Incomes
Mean value of relatively high efficiency enterprises 10140.73 3684.8 90678.29 215.8 53.6 210280.5
Mean value of relatively low efficiency enterprises 5723.595 1571.36 54348.08 241.76 59.52 104755.4
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From Table III, IV and V, we can see that five 
companies, which have higher SBM efficiency in  
technology innovation than others, perform much  
better in three aspects, namely, R&D, number of 
employees and net assets, whose value are significantly  
higher than those of low efficiency enterprises. 

However, they are provided with s maller number of 
patents than the low efficiency enterprises. Enterprises 
which are higher efficiency in output are significantly  
more in operating income than lower efficiency 
enterprises, while approved patents are slightly less 
than lower efficiency of enterprises . 

TABLE VI
FFICIENCY VALUE OF SBM TECHNOLOGICAL INNOVATION

Enterprise 2011 2012 2013 Mean
SMTCL 1 1 1 1

Mesnac Co., Ltd 0.235680028 0.218829 0.646878 0.367129232
SIASUN 0.219149602 0.343782 1 0.520977279

Masterwork Machinery Co., Ltd 0.445647324 0.547095 1 0.664247377
CAC-CITC 0.127376946 0.11962 0.092376 0.113124567

ZYS 1 0.440278 0.491641 0.643972885
SF-AUTO 0.27385848 0.394718 0.713043 0.46053958

We can estimate that the R&D investment and net
assets have played a decisive role in the
technology innovation efficiency. We should note that
SBM technology innovation efficiencies of Chinese
Intelligent manufacturing enterprises are commonly
lower. The average SBM technology innovation
efficiency is only 0.6716 in 2013, which has a huge
upside.

Table VI selects SBM technology innovation
efficiency values of representative enterprises in
various intelligent manufacturing fields. Thereinto,
SMTCL, MESNAC, ROBOT, MKMCHINA,
CAC-CITC, ZYS and BEIJING SIFANG are
respectively representative enterprises in
numerically-controlled machine tool, robot, 3D
printing, intelligent manufacturing complete sets of
equipment, and the key basic parts and automation
fields. We can see from Table VI that the mean
efficiency of Chinese representative enterprises of
machine tool industry is highest, while that of Chinese
representative enterprises of intelligent manufacturing  
complete sets of equipment is the lowest. There is more 
rapid development in  the field  of 3D print ing and 
Robotics, concerned with Chinese policies to promote 
two industries. On the whole. The development of two  
fields, intelligent manufacturing complete sets of
equipment and intelligent control system, are relatively  
weak, far behind with other intelligent manufacturing  
fields. 

IV. CONCLUSION 

In this paper, we employ DEA model to evaluate 
technological innovation efficiency of intelligent 
manufacturing enterprises. The results show that R&D 
investment, enterprise scale, and the number of existing 
patents (the cumulative  effect  of technology) are key  
factors affecting the efficiency of technological 
innovation of intelligent manufacturing enterprises in
China. Meanwhile, unbalanced development appears in  
each field of intelligent manufacturing industry in 
China and the degree of technological development at  
early stage plays a v ital role in its development. 
Irrat ional industrial R&D investment, financing 
difficult ies, firm size, business management and other 
issues all restrict improvement of technological 
innovation efficiency. Accordingly, we propose 

constructive countermeasures and suggestions on
technology innovation and development of intelligent 
manufacturing industry:  

Firstly, the government should guide the cluster 
development of intelligent manufacturing industry and 
foster scale economies in  various fields. The most 
maturely developed fields are CNC machine tools, 
intelligent control system, and industrial automation in
intelligent manufacturing industry. A large number of
outstanding enterprises spring up in these areas, which 
promotes their joint development and reduces the gap 
between international lead corporations and domestic 
ones. 

Secondly, we should improve the industrial 
financing mechanisms so as to increase industrial 
capital investment. Fields of robotics, 3D print ing and 
other intelligent manufacturing fields owned 
characteristics of high input, high-yield, and high-risk. 
Industry investment and financing mechanis m is
relatively simple. Its main channel is to mortgage from 
banks or financing through the SME board listed. 
Technology introduction and innovation of the industry 

do without a drive of large amount of capital, 
which should also presents a rising trend year by year. 
Shortage of funds has become one major factors 
restricting development of intelligent manufacturing  
SMEs. Therefore, we should broaden the financing 
channels for the industry, vigorously promote the 
development of securit ies markets, and promote 
potential companies to be listed. 

Thirdly, we should strengthen human resource 
management of industrial technology, fostering 
high-level innovative talents of compounding type. The 
current social competit ion in the final analysis is the 
competition of human resources. Only enterprises with 
high-level innovative compounding talents can remain  
invincible. Personnel train ing and introduction 
mechanis m should be improved. We can ameliorate  
industry environment from aspects of policy  and 
funding; meanwhile, sound talent incentive mechanism 
should be established and equity incentive policies 
should be implemented.  

Fourthly, government should strengthen support 
for companies and reduce unnecessary admin istrative 
intervention. Industry associations should cooperated 
with the government to formulate related industry 
supporting policies and carry out industrial strategy 
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planning scientifically. Then reduce unnecessary 
administrative examination and approval so as to
enhance productivity of enterprises. 

It should be noted that DEA method is a measure 
of the relative efficiency rather than absolute efficiency. 
The specific size of the data does not indicate the 
absolute level o f efficiency. In this paper, we selected a  
time period of data and the results will have a delayed 
effect. Due to data availability, only selected 50
representative companies are employed here. Therefore, 
this study can be further continued through increasing 
the number of foreign companies. In this way can you
display the development status of intelligent 
manufacturing  technological innovation 
efficiency in a more detailed way, and the gap between  
foreign business leaders and domestic ones as well. 
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Abstract - The intensive development of regional 
higher education was established based on complex 
system theory. Evaluate intensive development of regional 
higher educational based on its development level, 
coordination degree, sustaining ability by the basic theory 
of complex system, and establish the conceptual model 
and evaluation index system. Use the model to evaluate 
the intensive development of higher education in Beijing 
from 2000 to 2013. The result is able to reflect the 
characteristics of intensive development of higher 
education development in Beijing and provides support 
for next strategy in intensive development of higher 
education.

Keywords - Complex systems theory, evaluation, 
intensive development, regional higher education

I. INTRODUCTION
In recent years, along with the quality as the core 

strategy to promote intensive development of higher 
education, higher education has achieved a good and 
rapid development. Many of the intensive development 
of higher education research in academic field, but the 
main stay in  the theoretical knowledge and qualitative 
analysis on the intensive development, the reports in 
the literature are mostly limited to the concept, content, 
influence factors, significance and macroeconomic 
policies, the lack of empirical research on promoting  
the intensive development of higher education [1-6]. The 
complex system is composed of many subsystems, the 
unit system connected closely, forming a network, has 
the characteristic of openness, dynamic, uncertainty [7-9].
From the view of system theory, higher education to 
achieve the intensive development needs of talent 
training, scientific research, social services and cultural 
inheritance and innovation in all aspects of system 
function. This paper starts from the theory of complex 
system and regional higher education, establish the 
system model of promoting the intensive development 
of regional higher education, exp loring the theory of 
evaluate intensive development of regional higher 
education.

II. SYSTEM MODEL

Regional h igher education is a complex system, 
composed of talent training subsystem, scientific 
research subsystem, social service subsystem, cultural 
inheritance and innovation subsystem, subsystem is 
composed of many factors [10]. Each subsystem and 

factor are mutual connection, mutual influence, 
promoting the higher education intensive development. 
The system is also affected by the external environment, 
the external environment input to the system teachers, 
students, funding, education facilities and other 
resources, and the higher education system output 
talent, scientific research, social services and cultural 
inheritance and innovation to the outside world. The 
system model of regional higher education is expressed 
as Fig.1.

Fig.1. The system model of regional higher education 
To achieve the intensive development of regional 

higher 
subsystem of the complex system to realize the 
structure optimizat ion, system stability and dynamic 
adjustment. The system is reflected by development 
level (DL), coordination degree (CD) and sustaining 
ability (SA).DL reflect the development level of the 
system, is a vector sum of each subsystem, and is used 
to Evaluate whether the reg ional h igher education 
development in talents training, scientific research, 
social services and cultural inheritance and innovation. 
CD refers to  efficiency between  the system and 
subsystems, the factor and external factors, subsystem 
and subsystem, it can be used to judge whether the 
system and factors can be balance. SA is to grasp the 
DL and CD from the time dimension. It can be a
judgment and the measure of region's effect iveness in a 
relatively long period of intensive development. The 
essence is how about the bearing capacity of 
environment when regional higher education keeping 
intensive development [11]. The concept model is
expressed as follows [12]:

1 2 3max ( , , , , )ID f D D D T L

St :
i 1 2 3g ( , , ) iD D D C 1,2,..., 4i

i iX N , ij ijX N 1, 2, ,j nn,

Talent training 

Scientific research 

Social service 

Cultural inheritance and 
innovation 

Teachers 

Students

Funds 

Facilit ies

Input

Talent, scientific 
research, social 
services, cultural 
inheritance and 
innovation 

Output
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ID as the system of regional higher education 
intensive development; 

1S as talent training  
subsystem;

2S as scientific research subsystem;
3S as 

social service subsystem;
4S as cultural inheritance 

and innovation subsystem;
1D as DL,

1 1 1 2 3 4( , , , )D f S S S S ;

2D as CD,
2 2 1 2 3 4( , , , )D f S S S S ;

3D as SA,

3 3 1 2 3 4( , , , )D f S S S S . T as time variable; L as spatial 

variables;
iC as the bearing capacity of each subsystem;

iN as the threshold value of each subsystem;
ijN as 

the threshold value of each factor.

III. THE SELECTION OF EVALUATION INDEX
According to the complex system theory, the 

system of reg ional higher education intensive 
development is not decided by a system (factors), but 
by mult i factors, multi system results [13]. The collapse 
of any factor in  the system, will affect the ability of 
regional higher education intensive development. 
According to the characteristics of intensive 
development and complex system, the intensive 
development of reg ional h igher education can be 
evaluated from talent train ing, scientific research, 
social service, cultural inheritance and innovation, so 
the evaluation index system can be established.

Talent training is the core content of higher 
education, is the key factor of affecting the higher 
education intensive development. Scientific research, 
social service, cu ltural inheritance and innovation are 
the role of talent. Through talent training, higher 
education institutions provide talent support for the 
higher education function, conveying all kinds of
talents for the society.

Scientific research is the driving force of the 
higher education intensive development, is the support 
of forming  knowledge, updating talents training  
content, developing new subjects. Index system of 
scientific research intensive development should be 
structured from the results and the efficiency of 
knowledge creation, application and popularization.

TABLE I 
EVALUATION INDEX OF HIGHER EDUCATION INTENSIVE 

DEVELOPMENT  
Subsystem Index

Talent 
training

Fund income; Proportion of new students; 
Teacher-student ratio; The number of full-time 
teachers; Proportion of graduate students; 
Proportion of senior professional; Total value of 
fixed assets

Scientific 
research

R&D staff; Number of patents; R&D efficiency; 
Grant funding; Published scientific papers; Total 
amount of patent sale; Award number

Social 
service

Entrusted research funds; Number of self-study 
students; scientific research; training; technology 
transfer contracts; Number of adult college students

Cultural 
inheritance 
and 
innovation

Social sciences research funding; Published papers 
in social sciences; Full-time teachers of Humanities 
and Social Sciences; Number of students in social 
sciences

Social service means higher education should 
meet  the demand of the public and provide better 

and is the basic path of achieve higher education 
self-value. In order to reflect the status and changes of 
social service, the evaluation index should contain 
descriptive characteristics and changes.

Culture inheritance and innovation plays an 
important role to promote and enhance talent training, 
scientific research and social service in  the human 

contributed to the development of higher education in 
the higher levels.

The evaluation index of higher education 
intensive development is expressed as Table I.

IV. EVALUATION MODEL

According to the conceptual model, define
1D ,

2D ,
3D as DL, CD and SA respectively. Define

10 1D ,
20 1D ,

30 1D . The intensive 
development of reg ional h igher education can be 
counted as follows formula.

3
1 2 3ID D D D

A. Model of development level 
According to the synergetic, the change of system 

element has two effects: one is positive effect, another 
is the negative effect. Define order procedure variable 
as ( 1,2, , )iu i n, ), ,

iX as the value of each system 
element,

i
, i as influence boundary of subsystem 

index. The power function of system elements can be 
expressed as following [14]:

1

0

i i

i i i i i i i i

i i

X
u X X

X       

(1)

1

0

i i

i i i i i i i i

i i

X
u X X

X       

(2)

Type (1) is used to represent the parameters of iX
has a positive effect, type (2) is used to represent the 
parameters has a negative effect. 

Due to the DL of regional higher education is used 
to evaluate the states of each subsystem. The utility  
function is defined as the distance from the in itial stage 
0, the farther the distance, and the greater the level of 
system development, so the calculation of regional 
higher education system DL by linear weighted model, 
such as formula:

1
1

n

i i
i

D w u

iw as the weight of each element.
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B. Model of coordination degree 
CD can be obtained relative Haming distance:

2 2=1 ( ) ( )ij ij ij ij ijC u u u u

Define ijC as the CD between i and j. ija as the 

weight of each subsystem. The calculation of regional 
higher education system CD

2D by linear weighted 
model, such as formula:

1

2
1 1

( )
m m

ij ij
i j i

D a C

1

1 1
1

m m

ij
i j i

a

 
C. Model of sustaining ability 

Sustaining ability can be understood as the 
capacity requirements of system continue to future, 
system meet the min imum conditions to maintain  
sustained. So can describe any element x as follows: 
define N as number of range [0, T] simulation, n(T)
indicate the number of times that lasts in time T, the 
number of

0( )x T x in N
duration in T t ime can  be estimated by the relative 
frequency of continuous frequency, i.e.:

( ) ( ) /S T n T N

0x as the threshold of the system sustaining. 
According to the Monte Carlo simulation [15], ( )S T is 
approximately obey Bernoulli distribution of random 
variables, so its estimate of standard deviation: 

( )(1 ( )) /
S

S T S T N
3( )( ( )) /n T N n T N

iw as the weight of x .The simulat ion of ( )S T
results can be obtained, therefore, SA:

3
1

( )
n

i i
i

D w S T

V. EMPIRICAL ANALYSIS

There is a specific application process in Beijing 
in order to illustrate the above theory analysis method.

Beijing is developed higher education areas in 
China. Since the enrollment expansion in 1999, the 
higher education scale has been enlarged. because the 
number of rap id expansion, the conditions for running 
the university is difficult to keep up with the pace, such 
as the shortage of teachers, the quality of employment 
competition etc.. After 2006, gradually higher 
education transferred to the road of intens ive 
development, and taking the quality as the core. 

The evaluation index data from 2000 to 2013 
years are come from "Beijing Education Statistics", 
"higher school science and technology statistics 
compilation", "China Education Statistical Yearbook", 
"Beijing Social Sciences Yearbook".

First, evaluate the weight of each index by AHP 
and entropy information method, and determine the 
index threshold by experts grading method. Then 
evaluate DL higher education from 2000 to  
2013 years according to the above model as shown in  
Table II:

TABLE II 
2000-2013 DL OF BEIJING HIGHER EDUCATION 

Year 2000 2001 2002 2003 2004 2005 2006
DL 0.25 0.24 0.23 0.31 0.34 0.34 0.45 

Year 2007 2008 2009 2010 2011 2012 2013
DL 0.50 0.51 0.55 0.63 0.73 0.79 0.85

According to CD model, can evaluate CD of 
higher education from 2000 to 2013 years as 

shown in Table III:
TABLE III 

2000-2013 CD OF BEIJING HIGHER EDUCATION 
Year 2000 2001 2002 2003 2004 2005 2006
CD 0.34 0.38 0.37 0.39 0.40 0.43 0.46

Year 2007 2008 2009 2010 2011 2012 2013
CD 0.53 0.56 0.58 0.64 0.66 0.69 0.72

Then the SA higher education from 
2000 to 2013 years can evaluated according to the 
above model as shown in Table IV:

TABLE IV 
2000-2013 SA OF BEIJING HIGHER EDUCATION 

Year 2000 2001 2002 2003 2004 2005 2006
SA 0.41 0.39 0.37 0.39 0.40 0.41 0.47

Year 2007 2008 2009 2010 2011 2012 2013
SA 0.52 0.55 0.57 0.63 0.64 0.71 0.76

Finally, accord ing to the conclusion of DL, CD
and the SA higher education
intensive development from 2000 to 2013 years can be 
can evaluated according to the above model as shown 
in Fig.2.

Fig.2. 2000-2013The Change of intensive development of Beijing 
Higher Education 

Thus, higher education intensive development of 
Beijing in the wave style development state of low 
from 2000 to 2005. During this period, higher 
education is in the rapid  epitaxial expansion stage of 
development, the school expanding and the number of 
students increasing, resulting in lack of education 
resources, restricts the improvement of the quality of 
personnel training, scientific research and social 
service functions are affected, cultural services and 
innovation are neglected, the intensive development of 
higher education is constrained. From 2006 to 2013,
the state changed the policy of rapid expansion higher 
education, focusing on control scale of education, 
improving the quality of higher education, intensive 
development thought obtains the development and 
takes highly. Beijing has also introduced a series of 
policy to promote the intensive development of higher 
education. Intensive development has a good and 
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rapidly increasing momentum.

VI. CONCLUSION
The research results of this paper have two mainly  

aspects: in theory, out of the limitations of pure 
theoretical research and policy of higher education
intensive development, makes a systematic analysis of 
the regional h igher education based on the complex 
system theory, put forward to research higher education
intensive development from three aspects of
development level, coord ination degree and sustaining 
ability, establish evaluation system and the simulation  
model o f the higher education intensive development.
In practice, using historical data of Beijing from 2000 
to 2013, calculated the situation of higher education
intensive development, the result basically  reflects the 
development situation of Beijing. On  this basis, the 
intensive development of Beijing higher education is 
evaluated.

As we can see, the intensive development of 
higher education is a complex system with multi factor, 
multi level and multi target, including many indexes, 
variables and threshold, also need to design aspects of 
the scientific theory and method for quantitative 
analysis. This paper only made a beginning study on 
regional higher education intensive development in the 
perspective of the system. In the future, there needs 
more research in  stochastic process, stochastic analysis, 
sensitivity of index analysis and random d istribution of 
threshold, in order to make the model more precise.

REFERENCES 
[1]

n
Educational Development, Vol.7, No.7, pp.21-26,
Jul.2013

[2] Hui-
development and the strategy of intensive development 
in higher education al
University (Social Sciences), Vol. 14, No. 4, pp. 9-11,
Apr. 2013

[3] Xiu-
ation, 

Management. Dalian University of Technology. Dalian, 
China, 2013

[4]

Academy of Educational Science, Vol. 6, No. 6, pp. 
22-25, Dec. 2011

[5] Guo-dong Shi
University from the Perspective of System Theory 

edition), Vol. 14, No. 2, pp. 1-4, Mar. 2013
[6] Li-

Development of Higher E
Tianjin Normal University(Social Science), Vol. 195, 
No. 6, pp. 74-76, Dec. 2007

[7] Xu-
of Regional Central City Based on Complex System 

Tianjin 

University. Tianjin, China, 2011.
[8] Shan-

Regional Higher Education System: a Realistic 
Journal 

of Inner Mongolia University (Philosophy and Social 
Sciences), Vol. 46, No. 1, pp. 97-101, Jan. 2014

[9] Shu-hua Liu, Xiao-
Order of Higher Education system With Dissipative 

Higher Education, Vol. 141, No. 1, pp. 5-7, Jan. 2006
[10] Hai-

Higher Education, Vol. 33, No.5, pp. 1-7, May. 2012
[11] Luo Huil, Zhao Hai-feng, He Hao, Liu Lul, Gao 

Xiao-bin [J], Research on evaluation system and 
calculating methods of regional environmental 
sustainable degree--A case study of Yulin, Vol. 25, No.2, 
pp. 167-174, Mar. 2007

[12] Shi-
Development of Regional Agriculture Based on 

rtation, 
Management. Tianjin University. Tianjin, China, 2007

[13] Liu Xiao-ping, Tang Yi-ming, Zheng Li-
of Complex System and Complex System Simulation 

6303-6315, Dec. 2008
[14] Peng Fei, Yuan Wei, Hui Zheng-

Exponential Effective Function for Comprehensive 

29-34, Dec. 2007
[15]

on Defining Sustainability for Ag
Journal of Systems Science and Information Vol. 3, 
No.3, pp. 89-91, Mar. 2000

158 Y. Sun and D. Guo



Abstract - This paper analyzed the electric energy coal 
collection and distribution system combined with the theory 
of CPM (Critical Path Method); model the electric energy 
coal multimodal transportation system. The objective of the 
paper is to study the transportation process on the energy 
coal under the collection and distribution networks of the 
port, and establish the energy coal port CPM networks, to 
solve the electric energy coal transportation optimal 
planning route to improve the efficiency of electric energy 
coal transportation.

Keywords - Collection and distribution system, CPM 
network, multimodal transport, optimal planning route, port, 
the electric energy coal 

I. INTRODUCTION 
Due to China's energy structure and coal resources 

distribution, coal transportation becomes one of the most 
important determinants on healthy development of 
national economy, steady production behavior of 
enterprises and improvement of social stability. However, 
in order to accomplish coal transportation annual supply 
task the special pattern of transportation (such as "western 
coal shipping to the east" and "northern coal shipping to 
the south through port") has to be overcome [1-3]. To solve 
such problem under the social context o f coal's deficiency 
supply chain which causes an increasing gap between 
suppliers and demanders (e.g. electric power 
corporations), how to increase the efficiency of coal 
transportation is becoming crucial. Take the electric 
energy industry as an example. In the field  of electric 
energy, the corporations have to effectively utilize their 
resources to reduce the cost [4-6]. Further, they could also 
reduce the cost by planning an operational transportation 
scheme which can rat ionally  increase the capacity and 
also establish a scientific coal allocation. This is a
systematic and complex project.  The purpose of this paper 
is to research on such questions. Using the theory of graph 
algorithm, combined with collection and distribution 
system, we model the electric energy coal transportation 
system. To create the electric  energy industry coal 
transportation optimal planning model. 

Coal transportation like freight commodity based 
models and trip  based models as freight planning models 
can be classified (Holguin-Veras and Thorson, 2000). The 
commodity-based model estimates the freight tonnage 
production and attraction in each zone and estimates the 
tonnage flow between origin  and destination pairs; coal 
transportation is of this type. 

In literature, Hu (2005) finds a railway bottleneck 
when China uses coal fr
and Yu (2007) analyze the road, railway and water 

transportation of coal with respect to the distribution of 

the pipeline transportation of coal should be introduced on 
a large scale. However, Mou (2009) points out that the 
pipeline transportation of coal faces too many difficulties 
in China, most of which are policy related. Cheng et al. 

- provincial coal flow and the 
driving fo rce behind it, emphasizing that perfect 
transportation can facilitate coal regional flow. Li (2008) 
suggests that China construct strategic coal reserves in 
light of the long transportation distances and the 
possibility of natural d isasters interrupting coal 
transportation [7-10]. 

considers future shifts in the coal supply zone and their 
influence on coal transportation arteries. The conclusion 

transportation. 

II. METHODOLOGY 

The crit ical path method (CPM) is an algorithm for 
scheduling a set of project activ ities. The related concept 
as followed. 

Fig.1. Concept of CPM representation 
Professor Qi using the CPM network representation 

to said GPRs networks with minimum and maximum time 
restriction transform ideas . From the Fig.1, auxiliary 
condition with an  arrow line said, if two working 
procedure i to j there have time constraints between. We
can see the earliest process A representative start time x.
The latest process A representative the start time y, the 
started node code is i, x and y according to downstream 
arrow calcu lation.  x means estimated time, y means last 
start time, i means start node, T means time of the act ivity, 
p means estimated finished time, q means last finished 
time and j means the end node. The earliest finish time of 
the process A is p, q representative of the last finish time 
of process A, j is the end nodes code  p and q according 
to reverse the arrow calculation. 
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III. THE CASE STUDY 

A. Problem statement 
The coal resource distributes geographically  

north and north-west areas. According to data from 
Ministry of Land and Resources (2008), the five 
provinces, Neimeng, Shanxi, Xinjiang, Shaanxi and 
Guizhou, have recoverable coal deposits 1014.8 billion 
tons, accounting 81.4% of total nat ional reserve, and the 
total production of these five provinces is 1.57 billion tons, 
accounting 56% of national total production. Yet five key 
coastal provinces including Shandong, Jiangsu, Hebei, 
Guangdong and Zhejiang have a total supply gap of 0.8 
billion tons. The gap must be met by coal main ly 
transported from the north and north- west areas. The 
electricity scarcity suffered by Yangtze River Triangle 
area during summer of 2011 is mainly caused by 
insufficient coal transportation capacity in the north China. 

economy. 
Because near sea transportation has a special status 

the coal by the logic shown in Fig.2. Suppose i is the 
province that the coal is being transported out of and j is a 
province with a port that the coal is being transported to. 
We then have several options when transporting coal from 
i to j; transport it direct ly from i to j by railway or 
transport it from i to port A or port B by railway then by 
cargo ship to j. The price of sea transport is only about 1/3 
of that by rail, thus the final choice of the route depends 
on the total transportation costs. 

Fig.2. The path of coal transportation 

B. Data 
The data used in this paper study come from the 

following sources: data on coal production and 
consumption were obtained from the China Energy 
Statistica Year book 2009;  and actual coal transportation 
data for comparison were obtained from Yearbook of 
China Transportation and Communication 2009.

C. Fundamental assumptions 
We also use the notation given by Whitehouse 

G.E.as following: 
AT single estimate of mean activity duration time.

AES Earliest (activity) start time.

A A AEF ES T Earliest (activity) finish time.

ALS Latest (activity) start time.

A A ALF LS T Latest (activity) finish time.

A A A A ATF LF EF LS ES Total activ ity float  
(slack).

The time that any given task may be delayed before 
it will affect the project completion time Lemma 1[6]. 

In the path, the length of the path:
...a r s t u v e b

( , )( , ) b a a ba b ES ES FF                                    (1)
( , )( , ) b a a ba b LF LF FF                                    (2)

Theory 1[6] 
*
t iES (3)
\\
j n jLF LF (4)

Theory 2[6] 

Theory 3(Barycenter Theory) [6] the one which has 
the mini center of gravity o f the two  activit ies should be 
done first. The shorter the tard iness of total completion 
time is the better sequencing. If A BC C , A B , otherwise, 

B AC C , B A

Fig.3. CPM network of coal Multimodal transport with T ime value 
Step 1: the electric energy coal was transported from 

Taiyuan to Fujian, from Data we can calculate the total 
transfer time to Qing Huang-dao port, Tianjin port, 
Huanghua port and Cao Fei-dian port, as shown in Fig.3. 

4

5

6

7

(1 4 8) 2 9 11
(1 5 8) 3 8 11
(1 6 8) 4 6 10
(1 7 8) 5 4 9

T T
T T
T T
T T

                       (1)

ChooseT7, ( ) min ( ) | ,1i iLS T LS T i a i n

From the Fig.4, the electric energy coal was 
transported from Inner Mongolia erodes to port by train, 
from Data we can calculate the total t ransfer time to  Qing 
Huangdao port, Tianjin port, Huanghua port and Cao Fei-
dian port. 

4'

5'

6'

7 '

(2 4 8) 3 9 12
(2 5 8) 6 8 14
(2 6 8) 7 6 13
(2 7 8) 8 4 12

T T
T T
T T
T T

                  (2)

Choose T , ' '( ) min ( ) | ,1i iLS T LS T i a i n

The electric energy coal was transported from 
Shenmu to Fu jian, from Data we can calculate the total 

p
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transfer time to Qing Huang-dao port, Tianjin port, 
Huanghua port and Cao Fei-dian port.

4''

5''

6''

7 ''

(3 4 8) 5 9 14
(3 5 8) 4 8 12
(3 6 8) 3 6 9
(3 7 8) 4 4 8

T T
T T
T T
T T

                      (3) 

Choose T ,
' '( ) min ( ) | ,1i iLS T LS T i a i n

Comparing the total transfer time of the electric 
energy coal (formula 1,2and 3), to see the fattest way to 
destination Fujian, which is from Shenmu by Cao Fei-
dian to Fujian used the shortest time. 

Step2: the electric energy coal was transported from 
Taiyuan to Zhejiang, from Data we can calculate the total 
transfer time to Qinghuangdao port, Tianjin  port, 
Huanghua port and Caofeidian port, 

4

5

6

7

(1 4 9) 2 10 12
(1 5 9) 3 9 12
(1 6 9) 4 7 11
(1 7 9) 5 5 10

T T
T T
T T
T T

                        (4) 

ChooseT7, ( ) min ( ) | ,1i iLS T LS T i a i n

The electric energy coal was transported from Inner 
Mongolia erodes to Zhejiang, from Data we can calculate 
the total transfer time to Qing Huang-dao port, Tianjin 
port, Huanghua port and Cao Fei-dian port, 

4' 4

5' 5

6' 6

7 ' 7

(1 4 9) 2 10 12
(1 5 9) 3 9 12
(1 6 9) 4 7 11
(1 7 9) 5 5 10

T T T
T T T
T T T
T T T

                     (5) 

ChooseT7, ( ) min ( ) | ,1i iLS T LS T i a i n

The electric energy coal was transported from 
Shenmu to Zhejiang, from Data we can calculate the total 
transfer time to Qing Huang-dao port, Tianjin port, 
Huanghua port and Cao Fei-dian port, 

4''

5''

6''

7 ''

(3 4 9) 5 10 15
(3 5 9) 4 9 13
(3 6 9) 3 7 10
(3 7 9) 4 5 9

T T
T T
T T
T T

                        (6) 

ChooseT7, ( ) min ( ) | ,1i iLS T LS T i a i n

Comparing the total transfer time of the electric 
energy coal (formula 4,5and 6), to see the fatest way to 
destination, which is from Shenmu by Cao Fei-dian to 
Zhejiang used the shortest time. 

Stpe3: the electric energy coal was transported from 
Taiyuan to Guangzhou, from Data we can calculate the 
total transfer time to Qing Huang-dao port, Tianjin port, 
Huanghua port and Cao Fei-dian port, 

4

5

6

7

(1 4 10) 2 8 10
(1 5 10) 3 10 13
(1 6 10) 4 7 11
(1 7 10) 5 6 11

T T
T T
T T
T T

                     (7) 

ChooseT6&7, ( ) min ( ) | ,1i iLS T LS T i a i n

The electric energy coal was transported from Inner 
Mongolia erodes to Guangzhou, from Data we can 
calculate the total transfer time to Qing Huang-dao port, 
Tianjin port, Huanghua port and Cao Fei-dian port, 

4'

5'

6'

7 '

(2 4 10) 3 8 11
(2 5 10) 6 10 16
(2 6 10) 7 7 14
(2 7 10) 8 6 14

T T
T T
T T
T T

                      (8) 

ChooseT , ( ) min ( ) | ,1i iLS T LS T i a i n
The electric energy coal was transported from 

Shenmu to Guangzhou, from Data we can calculate the 
total transfer time to Qing Huang-dao port, Tianjin port, 
Huanghua port and Cao Fei-dian port, 

4''

5''

6''

7 ''

(3 4 10) 5 8 13
(3 5 10) 4 10 14
(3 6 10) 3 7 10
(3 7 10) 4 6 10

T T
T T
T T
T T

                       (9) 

ChooseT , ( ) min ( ) | ,1i iLS T LS T i a i n

Comparing the total transfer time of the electric 
energy coal (formula 7, 8 and 9), to see the fattest way to 
destination, which is from Shenmu by Cao Fei-dian and 
Qiang Huang-dao to Guangzhou used the shortest time. 

IV. CONCLUSION 

Finally, based on the network optimizat ion 
technology and related coal port  research materials, the 
working operation processes have the maximum and 
minimum time constraint between each other under the 

 purpose of this paper 
is to solve the electric energy coal transportation optimal 
planning route to improve the efficiency of electric energy
coal transportation 
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Abstract - This paper introduces the basic concept of 
service pattern and content will be divided into service 
center mode Service center mode user mode, the 
introduction of the third-party service platform, research on 
auto parts technology innovation service mode based on the 
industrial chain is proposed in this paper. At the same time, 
construct the service mode of the system structure, expounds 
the service mode in detail the structure and function of 
architecture.

Keywords – Auto parts, industrial chain, service mode, 
service platform, technology innovation 

I. INTRODUCTION 

The automobile industry is a highly driven, very 
long chain industry, involving more than 100 the 
development of related industries, is one of the mainstay 
of the national economy. And components is the 
foundation for the development of the auto industry, 
vehicle technology improvement, cost reduction depends 
on parts industry level of ascension [1].

However, the present situation of the auto parts 
industry in China is low melee, high-end, lack of the core 
components. This issue has seriously hampered the 
development of China's automobile manufacturing 
industry. 

According to the four dimension contains proposed 
by Jinming Wu [2] auto parts industry chain, namely, 
analysis of supply chain, enterprise chain, spatial chain 
and value chain, it is concluded that lead to the problem is 
very important one reason is lack of technological 
innovation ability. And the innovation elements 
generation, transmission, distribution and conversion 
cannot do without good service mode [3].

Therefore, it need to study effective service model in 
order to improve the technical innovation ability of the 
auto parts industry chain, to make it out of the current 
industry situation. Scholars at home and abroad were 
studied  

Analyzed such as Xiujie Wang [4] the difficulties 
encountered in the independent innovation of auto parts 
industry in China, puts forward the integration of 
administrative resources, the government-led macro-
control service mode.  

Irene, Gereffi and Humphrey [5-7] from the industrial 
perspective, such as suggested with the power of the 
enterprise itself into an alliance of industry technological 
innovation service mode to realize the whole industry 
chain to break.  

Weber [8] is analyzed the role of technological 
innovation service platform for small and medium-sized 

enterprises in China, think platform service model can 
efficiently integrate various resources of small and 
medium-sized enterprises, improve enterprise 
competitiveness in an all-round way.  

Wenxuan Yao [9] empirical analysis on the platform 
service mode of the meaning of auto parts industry, and 
using the product platform theory as the guidance, 
expounds the platform service mode of economy principle. 

Above for the auto parts industry, technological 
innovation is different service models, but only solves the 
technical feasibility of innovation theory, other aspects 
are less mentioned. In this regard, the paper summarizes 
the basis of previous experience, the introduction of a 
third-party service platform, we propose a chain of auto 
part based on technical innovation and service model, to 
address shortage of auto parts industry chain technology 
innovation capacity issues provide a useful reference.  

II. SERVICE MODEL

Service mode refers description [10] of users, service 
providers, service content, service strategy and other 
elements of the composition and the basic relationship. 
The service mode of the third-party service platform is to 
point to by the service platform will be the combination of 
the above four basic elements of the relationship between 
the, is a platform service system for the operation mode of 
the service activities. 

Based on the essence of which is server processing 
value-added service content, forming the service products, 
and to provide for the use of user service strategy [11].
According to the four basic elements progression and 
function in a different way, could be divided into three 
service mode. 

A. Services center mode 
Services center model description is derived from 

services and services-centric service processes, as shown 
in Fig.1. 

Fig.1. Services center model 
Fig.1 can be seen in this service model, in this kind 

of service mode, service activities is the center of service 
content, focus on the service content of processing and 
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service of production, occupies an important position in 
the service content. The service process, the outstanding 
is the service content itself, ignored the motility of the 
provider, not targeted improve the technological 
innovation ability of car parts industry chain. 

B. Service hub mode 
Service hub model is a departure from the service 

provider, and service provider-centric service model, as 
shown in Fig.2. 

Fig.2. Service hub mode 
This service model revolves around the elements of 

the service are started. Service providers based on their 
experiences, abilities and preferences process the contents 
for services, then a strategy of production products and 
services available to users. Service providers in the course 
of a dominant position in this service, all service 
providers in accordance with the wishes of the elements 
combined mutual relations, while the user is to be 
dominant. 

In this process, notably the service themselves, 
ignoring the user's initiative, the participation of users is 
not enough to make their needs can not be fully met in the 
service process. This service mode is difficult to 
fundamentally change the difficult status quo of China's 
auto parts industry chain. 

C. User center service model 
Users for center service model is based on the user's 

needs and to meet user needs as the core objective of the 
service process, shown in Fig.3. 

Fig 3. User center service model 
Services are based on the user's needs, the 

production of goods and services provided to the user in 
some strategies to meet the needs of users. This is due to 
the need to meet the process and finally needed. In this 
process, the user needs and the use of services plays an 
important role, customer demand has become the starting 
point and destination service activities, the user's become 
an important guarantee to meet the need.  

This mode is fully aware of the impact of personality 
factors in service activities in the user being and social 
environmental factors, attention to explore and meet user 
needs, attention to user choice of service offering, it is 

China's auto parts industry chain technology innovation 
needed mode. 

III. BASED ON THE ARCHITECTURE OF THE AUTO 
PARTS INDUSTRY CHAIN SERVICE MODEL 

INNOVATION

Based on the auto parts industry chain service model 
of technological innovation, mainly to address the 
following issues:  the presence of a large number of 
users and service providers on the market, how to help the 
relationship between supply and demand sides to quickly 
build services;  through the effective integration of 
service provider resources, to provide personalized 
services to users;  through the effective integration of 
user needs, to service users to provide enough resources; 

 services performed for the whole process to effectively 
monitor and ensure, improve service quality and value of 
services as possible. 

A. Based auto parts chain service model innovation 
organization

From the perspective of the overall operation, based 
on the auto parts industry chain service model innovation 
respectively, by users, service providers, third-party 
service platform composed of three parts connected via 
the Internet, as shown in Fig.4. 

Fig.4. Based auto parts chain service model innovation organization 
Third party service platform which is based on 

service-oriented architecture (SOA) system software 
architecture. All users and service providers through the 
service platform for the exchange, the service platform 
can accept a variety of user needs and recommend 
services and products, but also can receive services 
provided by various service offerings and recommend to 
user needs. 

Users can be made to the service platform popular 
demands, its can also make individual needs, the service 
platform for processing according to the database, 
knowledge base, the index library service product needs 
of users. Services can opt to provide various services to 
the service platform products, in accordance with the 
needs of users can also be processed into a specific 
service content services and products, and provides 
strategies to use specific services through the service 
platform users.  
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Service platform to build a bridge between the user 
and the service provider service activities and value 
exchange, which the user needs as the core, to serve those 
who rely on the basic service content, service policies for 
the protection and efficient integration of the user and the 
service provider between service resources, while the 
QOS service process for effective supervision, so that the 
interaction between the two fully get added value. 

B. Based auto parts chain service model innovation 
functional architecture

From the perspective of the reality-based auto parts 
chain technology innovation service modes are supported 
by technical expertise, industry resources sharing, 
“political research” collaboration of three parts, as shown 
in Fig.5. 

Fig.5. based auto parts chain service model innovation functional architecture 

(1) Professional Technical Support: simulation, 
product design, mold design, reverse model, inspection 
and so on. 

(2) Industry resource sharing: Order consulting, 
market analysis, products, personnel exchanges, inventory 
management, supply chain management, equipment 
sharing. 

(3) “political research” Collaboration: project 
reporting, collaborating laboratory, personnel training, 
lean manufacturing, scientific and technological 
achievements, the industry standard revisions. 

This service model leverages the various components 
of the automotive parts industry chain enterprises as the 
core, through the service platform effectively build up 
individuals, businesses, government, research institutes, 
universities and other value chain and achieve win-win 
cooperation, to enhance the car strategic objectives parts 
industry chain technology innovation capability. 

IV. CONCLUSION 

China's auto parts business for the current 
automobile companies far behind the situation, from the 

perspective of industry chain, this paper-based auto parts 
chain service model innovation. This model automobile 
parts enterprises oriented, by building a third-party 
service platform, design a reasonable organizational 
structure and functional architecture, integrating a variety 
of services resource industry chain, to enhance the 
technological innovation capability of auto parts to 
automobile companies to adapt to the trend of rapid 
development. 
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Abstract Fuel consumption is directly related to the 
vehicle velocity curve of arterial road, which includes many 
acceleration/deceleration patterns and idling times affected 
by traffic signals. With the development of modern wireless 
communication technology, the vehicle can get real-time 
information of the traffic signal information ahead. This 
paper creates an arterial velocity planning algorithm, which 
includes optimization calculation of the velocity curve part, 
calculation of acceleration-cruise-stop part and cruise-stop 
part, to suit the different conditions of the traffic signal 
phase and timing information. This algorithm sets running 
time and the acceleration as the optimization targets to 
ensure that the vehicle will avoid the sharp 
acceleration/decelerations and pass through intersections 
without coming to a stop. Thereby, the fuel consumption of 
vehicle with arterial velocity planning algorithm could be 
reduced by more than 14 %. 

Keywords - Arterial road, fuel consumption, traffic 
signal information, velocity planning algorithm 

I. INTRODUCTION 

Reducing vehicle fuel consumption can effectively 
reduce the oil consumption of urban transportation. 
Unlike free d riv ing in  the expressway, when a vehicle is 
driving on the arterial road, it is affected by traffic lights 
usually, and continuously makes sharp acceleration/
deceleration, or id ling at the traffic intersections [1-2]. 
The vehicle fuel consumption of idling at  the traffic  
intersections is about $ 7.8 b illion every year in U.S.A [3]. 
In order to reduce the vehicle fuel consumption on the 
arterial road, the following two points are needed: 

1) Reduce sharp acceleration/deceleration as much as 
possible; 

2) Avoid long idling time at the intersections; 
The vehicle eco-driv ing system has been created to 

give dynamic speed advice to the driver including 
acceleration and deceleration, so as to reduce fuel 
consumption [4-7]. But, the traffic signals  situation is not 
considered in the eco-driving systems, the vehicle eco-
driving system could not help the driver to avoid the 
idling at the interaction. With the development of modern 
wireless communication technology, the vehicles can 
obtain real-time information of the traffic signals when 
approaching a traffic intersection. So the researchers plan 
velocity curve according to the obtained traffic lights 
informat ion, and give the optimal velocity curve to driver. 
In 2009, Sindhura Mandava et al. proposed an arterial 
road velocity planning algorithm accord ing to the traffic 
lights information which is 300m in front of the vehicle,
and the acceleration is optimized. The sharp acceleration 
and deceleration can be reduced if the driver drives in 

accordance with the velocity curve [4]. For the arterial 
road velocity planning algorithm that Matthew Barth et al.
proposed in 2011, the id ling is been reduced to a 
minimum value via the way of braking ahead of t ime, and 
the velocity is been controlled into a certain range, thus 
greatly improve the vehicle fuel economy [2].

These above papers set the distance of getting the 
traffic signal information to 300m, and take the short-
distance velocity planning calculation. In fact, under the 
current communications situation, vehicle can get nearby 
real-t ime traffic signal in formation  even it  is thousand 
kilometers far away, so the velocity planning is not 
limited to the distance of signal interaction. This paper 
creates a long-distance velocity planning algorithm. When 
the vehicle enters into the current road section, it obtains 
the real-time traffic signal information of the closest 
traffic intersection at once, and makes the planning 
calculation to minimize the accelerat ion/ deceleration and 
idling. 

II. ANALYSIS OF TRAFFIC SIGNAL AND VEHICLE 
OPERATION MODES 

 Assuming the distance between vehicle and the 

nearby traffic intersection is  LD , the current state of 
traffic light is green or red, as shown in Fig. 1. The time 
is s

kt , rgs , , k  is the number of light, s  is the state 
of light, g demonstrates the green light, r  demonstrates 
the red light [4].

time

di
st

an
ce

0

gt1
rt2

gt3

LD
red green red green

(a) initial light state is red 

time

di
st

an
ce

0

rt1
gt2

rt3
LD

green red redgreen

(b) initial light state is green 
Fig.1. Schematic traffic signal information 

If the init ial velocity is 0v , the vehicle may cross the 
intersection by following four cases, as shown in Fig.2: 

Case 1: The vehicle keeps acceleration and crosses 
the traffic intersection before the traffic  signal turns to red.  
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Case 2: The vehicle cru ises at velocity 0v , makes 
sharp deceleration when it  arrives at the intersection and 
stops. 

Case 3: The vehicle cruises at velocity 0v , coasts to 
the intersection and stops. 

Case 4: The vehicle brakes ahead of time and drives 
at a relatively low velocity, which makes the vehicle cross 
the interaction without coming to a stop. 
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case1
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case2 case3 case4
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case2
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green

limv

Fig.2. Schematic diagram of vehicle operation modes 
The vehicle fuel consumptions of these four operation 

cases are different from each other. Case 1: A lthough the 
vehicle does not stop at the interaction, it needs accelerate 
sharply to cross the traffic intersection, results in a 
significant increase of fuel consumption. Case 2: The 
vehicle also makes sharp deceleration and idling at the 
traffic light for a long time. The fuel consumption is still 
high. Case 3: The coasting to intersection can make use of 
the kinetic energy of the vehicle  to reduce the fuel 
consumption, but the vehicle still needs to idle. The fuel 
consumption of the restart vehicle  is still h igh. Case 4: 
The vehicle can  maximally avoid idling, and does not 
need to accelerate at a stop state, thus it has the minimum 
fuel consumption [2]. But in  Case4, the decelerat ion value 
and deceleration time must be calculated accurately. 

III. ARTERIAL VELOCITY PLANNING ALGORITHM 

Firstly, the shortest time of vehicle arrives at the 
intersection is calculated. The vehicle firstly accelerates to 

the maximum velocity limv , and drives at the max velocity 
to the intersection. 

The acceleration time at  is: 

h
a a

vv
t 0lim

                                                        (1) 

ha  is the maximum of acceleration. 

The time of driving at the max velocity limv  is: 
2

0lim0lim
0

lim 2
11

hh
ic a

vv
a

a
vv

vD
v

t      (2) 

The shortest time of vehicle gets to the intersection is 

pt : 

cap ttt
                                                         

(3) 
The time area of vehicle crossing the intersection 

is hl tt . When the vehicle arrives at the intersection, 
the traffic signal is green: 

r
kh

pl

tt
tt

, if r
kp

g
k ttt 1                      (4) 

When the vehicle arrives at the intersection, the 
traffic signal is red: 

r
kh

g
kl

tt
tt

1

, if g
kp

r
k ttt 1                         (5) 

A. Optimization calculation of the velocity curve 
In order to improve the fuel economy, the vehicle 

should cross the interaction without coming to a stop.
This paper defines that the vehicle only accelerates or 
brakes once in each road section. So, the vehicle firstly 

runs at uniform velocity 0v , then accelerates or brakes, 
finally gets to the interaction at a uniform 

velocity 1v , eatvv 01 . et is the acceleration time. The 
velocity curve is as shown in Fig.3.
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Fig.3. Schematic curves of velocity planning 
It can be obtained from Fig.3 that the acceleration 

value and time are different, even though the time of

vehicle crossing the traffic intersection is the same. st is 
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the start time of accelerat ing, pt
is the time of crossing the 

intersection. 
So this paper optimizes the vehicle's acceleration and 

crossing-time at the same time: 
Min pta 21                                                (6) 

Subject to: 

1)
Lespeees Dtttatvattvtv 0

2
00 )

2
1(

2) ps tt0

3) pe tt0
4) pes ttt0
5) hpl ttt

6) hl aaa
7) lim00 vatv e

1 , 2 are the weight coefficients of a and pt
respectively, la is the minimum value of acceleration. 

B. Calculation of acceleration-cruise-stop 
In the optimization calculation of velocity curve, the 

cruising velocity is not considered. If the init ial cruising 

velocity lowvv0  and maxtts , the vehicle should 
takes the acceleration-cru ise-stop mode to avoid cruising 
at low velocity long time. Firstly, the vehicle accelerates 

in a to the maximum velocity limv , cruises at uniform 

velocity limv , and brakes with deceleration a . The 
vehicle starts to accelerate when the signal lights turn to 
green. 

The acceleration time et is: 

a
vv

te
0lim                                                         (7) 

The braking time et  is: 

a
v

te
lim                                    ( 8) 

The cruising time is at : 
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                                                                                          (9 ) 

The waiting time wt  at the intersection is: 

aeelw ttttt                                              (10) 

C. Calculation of cruise-stop 

If lowvv1  and maxtttt sel , the vehicle 
should takes the cruise-stop mode. The vehicle firstly 

cruising at uniform velocity 0v  and deceleration with a
to arrive at the intersection, and start to accelerate when 
the signal lights turn to green. 

The braking time of the vehicle et  is: 

a
v

te
0                                                                 (11) 

The cruising time ct of uniform velocity 0v  is: 
2

00
0

0 2
11

a
v

a
a
v

vD
v

t ic               (12) 

The waiting time wt  at the intersection is: 

celw tttt                                                   (13) 

IV. RESULTS 

This paper takes the route that from Zizhuyuan South 
Road to Huangchenggen Road of bejing in China, which 
includes 10 intersections, as shown in Fig.4. 

Start
Point

Shoudu
Tiyuguan

South Road

Sanlihe
Road

Wenxing
East Street

Zhanlan
Road

Chegongzhuang
North Street

Guanyuan
Bridge

Huangchenggen
Road

Yujiao
Hutong

Xinjiekou
RoadZhaodengyu

Road

Fig.4. Route 
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In this paper, the test time was April 5, 2014 7:00:00 
AM, the vehicle located at the starting point (Zizhuyuan 
South Road). The init ial velocity was 40km/h , the max 
velocity of the road was 50km/h, the max acceleration 
was 1.5 2sm , and the min decelerat ion was -2 2sm . 
In the traditional driver-controlled velocity curve 
calculation, the distance of the drivers get traffic signal 
informat ion according to the visual and implement 
acceleration or deceleration operation is 75m [3]. The 
velocity curves are shown in Fig.5. The fuel consumption 
is shown in Table I: 

time s

time sdi
st

an
ce

m
ve

lo
ci

ty
m

/s

(a) With velocity planning algorithm 
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(b) Without velocity planning algorithm 
Fig.5. Calculation results of the velocity curves 

The vehicle  takes 5 stop times when the vehicle takes 
the traditional driver-controlled mode without velocity 
planning algorithm, and the id le-running time is 215s,
which is shown in Fig.5(b). But, it is shown in Fig.5(a) 
that in the curve established by the velocity planning 
algorithm, the vehicle just stops for once in the whole 
drive process, the idling time is 123s, and acceleration and 
deceleration rate are also eased. 

TABLE I 
RESULTS 

fuel consumption 
(L/100km)

Without velocity planning algorithm 6.3 /
With velocity planning algorithm 5.4 14.3%

Thereby, the fuel consumption of the vehicle with 
velocity planning algorithm is reduced by 14.3%. 

V. CONCLUSION 

The arterial road velocity planning algorithms 
presented in this paper have following advantages: 

(1) By taking advantage of the recent developments 
in communication between vehicles and traffic lights, the 
velocity curve can be planned by the velocity planning 
algorithms. This algorithm ensures the vehicle to avoid 
sharp acceleration/deceleration and pass through 
intersections without coming to a stop. 

(2) The velocity curve which is generated by the 
velocity planning algorithms presented in this paper can 
assist the driver to control the vehicle  and greatly improve 
the fuel economy. 
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Abstract - The coordination in multi-agent system is the 
key to the global optimum and centralized coordination is 
regarded as the most natural and effective way to organized 
work among agents. In this paper we propose a centralized 
scheduling approach to manipulate centralized coordination 
among heterogeneous agents. The main contribution is that 
center agent, as information collector, processer and 
resource scheduler in this study, enacts centralized 
scheduling to run well. And clustering analysis based on
artificial immune algorithm is applied to process 
information, moreover a series of schemes are suggested to 
ensure smooth scheduling. The effectiveness of the proposed 
method is shown through simulation results. 

Keywords - Artificial immune algorithm, center agent,
centralized scheduling, clustering analysis, multi-agent 
coordination 

I. INTRODUCTION 

 Multi-agent System is an  important research aspect in 
the field of d istributed artificial intelligence, in which a 
basic and important issue is to deal with coordination.
Efficient coordination  prevents agents form accidentally 

achieve a common goal. Nowadays two problems have 
been identified in executing multi-agent coordination, 
namely incomplete recognition of environment and lack 
of unified control.  
 In order to solve the problems mentioned above, this 
study investigated one typical multi-agent system - 
RoboCup Rescue Simulation System (RCRSS). Most 
current researches regarding multi-agent coordination are 
based upon RCRSS, and the numerous developed 
methods can be classified into three categories: 
Decentralized  mutual ad justment, centralized direct 
supervision, and environment part itioning [1] [2] [3] [4]. Some 
outstanding research achievements include: 
Combinatorial auctions were used in [ 5 ] to achieve 
optimal task allocation, but the model also required large 
computational power and message bandwidth. MRL used 
BELBIC algorithm, which is a kind of mot ion learning 
method most effective in help ing PF clearing blockades  [6].
Q learning method is used by BonabRescue to train agents 
learn to act right in the right time and/or condition without 
communicat ion with central control [7]. This method may 
make the agents more independent, but the Q-learning 
method requires a long time to start converging to good 
results. Inspired by the Partial Global Planning approach, 

agents to exchange information in order to reach a 
common conclusion [8 ]. RoboAKUT, however proposed 
Market-driven methods, focusing on the maximization of 

the overall gain of a group of robots by coordination, 
collaboration and competition among them [ 9 ]. The 
decentralized approach is more flexible but not always 
preferable.  
 The main concern in the above mentioned research is 
that the active and critical role o f center agent was 
demoted and sometimes ignored. Actually, ignoring the 
decision-making abilit ies of center agent, which is the 
same as platoon agents, equals to wasting resource. In the 
light of this, the study has come up with a method 
depending on center agent scheduling. Center agents 
collect in formation through communication between 
agents, with emphasis in civilian location informat ion, 
because rescuing civilians is the main  focus of simulat ion. 
Then clustering analysis is used to process the collected 
informat ion. The cluster area is  of heavy population, 
around which centralized scheduling will be carried out. 
There are two  stages during the scheduling: one is to 
choose a cluster and the other is to choose a specific task. 
Therefore, center agent will p lay the role of information 
collector, processer and resource scheduler.  
 The rest of this paper is structured as follows.  The 
next  section introduces the RCRSS briefly. Section III 
talks about the implementation of clustering and 
scheduling. This is followed by the test results. And the 
last part is discussion and conclusion. 

II. BRIEF INTRODUCTION TO RCRSS 

 RoboCup Rescue Agent Simulat ion provides a 
regional rescue under the environment of mass disaster [10].
Disaster may be defined as a crisis situation causing 
widespread damage which far exceeds our ability to 
recover. Its management is normally critical since it 
involves a very large number of heterogeneous entities in 
a complex and dynamic environment, where the 
informat ion is incomplete and uncertain, and decision 
must be taken in a timely  fashion. In those situations, 
coordination and cooperation play essential roles in 
assistance provisioning [11]. 
 RCRSS provides a platform for d isaster management 
where heterogeneous field (platoon) agents (police, fire 
brigades, and ambulances) cooperate with each other to 
deal with a simulated disaster scenario. Po lice force (PF) 
have to clear road blockades to provide access to the 
disaster sites, ambulance team (AT) have to rescue 
civilians, and fire b rigade (FB) have to control the spread 
of fire and ext inguish it. The simulator also provides 
center agents, a Police Office, a Fire Station, and an 
Ambulance Center. And center agents cannot interact 
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directly with the world, but only communicates with 
platoon agents of its kind and with other centers [12]. Fig. 1 
shows the mode of communication among agents. 

Fig.1. The mode of communication 

 So RCRSS is a part ial global system. It is partial 
because the agents do not have all the environmental
informat ion availab le to make the best decision. On the 
other hand, it is global because the agents can exchange 
and obtain information through the centers which 
consolidates the environment in formation from all the 
agents [13]. 

III. METHODOLOGY 

 Based on the statements mentioned above, a variety 
of raw information floods to center agent. However, the 
disorganized information may distract decision making. 
So in order to find out densely populated area, clustering 
analysis is adopted to process the information of civ ilians
location for the key task-rescuing civilians. Then 
coordination will be made in these areas closely followed 
by purposefully. In  this way, d isorderly disintegration of 
all the agents can be avoided. The clustering analysis in 
this study is based on artificial immune algorithm,
because compared to other clustering analysis methods, 
there are two advantages in this method: In this algorithm 
the search range is a wide and the convergence rate is 
moderate. On the other hand, memory cells can store 
excellent solutions, which can be used as initial antibodies 
in the next round of clustering. By this means, the whole 
process becomes dynamic. 

A. Clustering analysis based on improved artificial 
immune algorithm 

 Cluster analysis or clustering is the task of grouping a 
set of objects in such a way that objects in the same group 
(called a cluster) are more similar (in some sense or 
another) to each other than to those in other groups 
(clusters). It is a main task of exploratory data mining. 
 In computer science, artificial immune systems (AIS) 
belong to computationally intelligent systems inspired by 
the principles and processes of the vertebrate immune 
system. The algorithms typically explo it the immune 
system's characteristics of learning and memory to solve a 
problem. The field of AIS is concerned with abstracting 
the structure and function of the immune system to 
computational systems, and investigating the application 

of these systems towards solving computational problems 
from mathematics, engineering, and information 
technology[14][15] .
 The method this paper puts up with is described in the 
following parts. 
1) Antigen recognition and antibody initialization 

Antigens in the immune system correspond to the 
problems to be solved. In N data clustering analysis, first 
converts these data into N p dimensional vector sets X= 
{ , ,… , } according to their attributes . In this 
paper these data correspond to the antigens  (i [1, N])
in the immune system. The purpose of this algorithm is to 
classify the N antigens.  

Make a copy of antigens as the initial antibodies 
(k [l, M]), here vectors in dimension p are seen as 

their coordinates, expressed in Loc, namely =
{ [1], [2],…, [p]}. As a result, the structure of the 
antibody can be composed of antibody coordinate 
and a set of its captured antigens . is the structure 
to describe cluster which is expressed by (1). k  represents 
the number of clusters,   is the center of the class k.

                             (1) 

2) Affinity calculation and antigen capture 
Immune system produces a variety of antibodies , and 

the bonding strength between antigen and antibody is 
evaluated through the affinity. Generally the formula for 
computing the affinity is seen in (2).  

=                    (2) 

Among them,  is the affin ity between an
antigen and antibody  whose value is between 0 and 1,
and  is the combining strength. When =0, it 
suggests that the antibody and the antigen are ideal 
combined.  can be descri  and the 
Euclidean distance  is generally used to 
measure the distance between   and : 

        (3) 

For each antigen , evaluate its affinity with every 
antibody , and = { |k=1, 2,…, M} is the set of 
affinities. Find the antibody  that corresponds to 
the largest value in , and then add  into ,
which contains antigens captured by . Keep  
operating this process until every  antigen is evaluated. 
Then calculate , the centric of all the captured 
antigens according to . At the end of this process, 

 can be expressed as 
3) Cluster aggregation 

The aim of cluster aggregation is to merge similar 
antibodies and recapture antigens.  

If the captured antigens of an antibody are less than a 
certain value, then the antibody is relatively  isolated and 
needs to be deleted.  
4) Cloning and variation 

Calculate the distance between all antibodies  and 
choose the nearest M/2 antibodies for cloning and 
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variation using (4), among which is the variation rate.  

         (4) 

Then recalculate  and . Add antibodies 
which are not selected but in variation into the memory 
cells. Make dynamic adjustment to  according to (5). 

=0.2/ gen/l0 .                      (5) 
Among which means ceil. Obviously with the 

increase of generation, variat ion rate declines. So at the 
preliminary stage of clustering, the mutation rate is h igher, 
the search range is bigger so that the antibodies can 
capture antigen in a wider range; when algorithm evolutes 
to a certain generation, the search range becomes narrow 
and the clusters are relatively stable. 

Keep operating this process until comes to the 
stopping criterion.

During  the simulat ion, civilians  locations are  taken 
as antigens. The stable clusters are the outcome of the 
algorithm.  

B. Center agent scheduling  
Scheduling is a process of distributing tasks to agents, 

the main function of which is to maximize the efficiency 
of this task allocation and reduce its costs. Besides, task 
allocation plays a vital role in implementing coordination 
since the decomposition of objective into tasks is the most 
nature way to organize work among agents  [14]. Thus, 
coordination can be brought out as long as effective 
assessment schemes for scheduling are made. Therefore 
scheduling, which depends on center, proposed in this 
paper aims to coordinate agents. There are two phases to 
implement scheduling: first, important clusters stand out 
after cluster assessed by a weighted model, and then 
specific tasks are clearly identified in  the highlighted 
cluster for each related agent in the same manner.  

The weighed model for cluster is main ly determined 
by the following factors: the size of area, population and 
distance to fire spots. The larger area, denser population 
and closer distance to fire spots all contribute to the 
importance of the cluster. In addition, there are some 
other influencing factors, including: the distance between 
clusters and agents, the distance between refuge and 
clusters etc. Hence, the importance of cluster is calculated 
as follows 

.                                      (6) 

density= 
In which min density represents the minimum 

civilian density of all clusters, distance means the distance 
from cluster to agent, and disToEntity is the distance from 
cluster to the closest entity, for example disToRefuge is 
the distance from cluster to the closest refuge. 

When important clusters are fixed, it  is slightly more 

complicated to choose tasks for agents. Different kinds of 
agents deserve different weighed models.  

With regard to  fire brigade (FB), the importance of a
burning building is calculated as follows:  

.        (7)

In which, disToEntity means the distance from 
building to the closest entity, for example disToCluster
represents the distance from burning building to the 
closest cluster.  

For ambulance team (AT), it is crucial to estimate 
whether it will be able to rescue the victims in time. If
there is no fire spot in or near the cluster, ATs usually 
work independently; but if there is, AT must gather 
together to rescue the victim as fast as possible. At this 
time, only the following condition is met can the victim 
be rescued: 

(RescueTime +10)/ TimeToBurn <n.       (8)
RescueTime is the time it takes for AT to rescue the 

victim alone, TimeToBurn means the time t ill fire spreads 
to the location of the vict im, n is the number of spare ATs.  

As to the victims, the one who is at his last gasp 
needs to be given top priority. Equation (9) is adopted to 
rank the priority. 

Importance of Civilian=100/DyingTime.      (9)
In which DyingTime is the victim s remaining time 

before death. 
And the main  task of police force (PF) is to assist 

other agents in order to quicken the pace of rescue by 
providing passive roads to disaster sites. In our tactics, the 
priority sequence is as follows:  

a. the road with obstacles to cluster  
b. the road to trapped agents  
c. the road to burning building  
d. the road to the buildings  with trapped civilians 
The two processes mentioned above make the 

important tasks in important clusters prominent from the 
partial and global v iew respectively. Then, center needs to 
match the tasks for each agent according to the 
importance of tasks so as to enhance holistic scheduling.  

IV. RESULTS 

 We adopt the Eindhoven map in this study to run the 
simulation test and evaluate the proposed method. 
Initialized scenario is set as Fig.2 with few b lockages: 
there are crowded v ictims and  a covert fire spot in the 
lower-left corner of this map; while there are spare 
victims and an obvious fire spot in the top right corner.
And the improved version introduces centralized 
scheduling to the original code of SEU_Jolly.  
 In order to weaken the side-effects, comparative tests 
are carried on the same map.  Both versions of codes in 
this experiment repeat 10 times.  
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 As is demonstrated in TABLE I, the test results of the 
proposed method shows that the improved version 
performs well and is of h igh stability. The following two 
comparative screenshots are provided to demonstrate the 
disparity of two codes in an intuitive manner. 

TABLE I 
TEST RESULTS 

NO. Original code Improved code
1 46.03 90.79
2 47.12 93.04
3 46.35 91.66
4 45.97 89.30
5 45.66 91.13
6 46.14 91.21
7 44.88 92.47
8 47.54 91.82
9 48.01 91.46

10 46.25 90.53
Average Score 46.40 91.34

Fig.2. The initialized scenario of the Eindhoven map

Fig.3. The screenshot at the 100th second of simulation with the original 
codes 

 Fig.3 shows the screenshot at the 100th second of 
simulation with the original codes. The blue, white, and 
red circles on the map represent respectively the PFs, ATs, 
and FBs. The bright green, dull green and b lack circles 
represent healthy, hurt or dead civilians in that order. The 

yellow, orange, and maroon colors represent the 
increasing intensity if fire in buildings; black represents 
completely burned and destroyed buildings. We can see 
most FBs gathered at the top right corner of the map. 
However, the fire spot at the lower-left  corner is ignored 
by FB due to the lack of global manipulat ion. What s
more, ATs are scatted. As a result, all agents work 
independently with inefficiency. 

Fig.4. The screenshot at the 100th second of simulation with the 
improved codes 

 The performance of improved codes is really 
inspiring as is shown in Fig.4. From the screenshot at the 
100th second of simulat ion with the improved, it is 
obvious that effective coordination between FB and AT is 
formed at the lower-left corner, the urgent area. 

V. DISCUSSION AND CONCLUSION 

 This paper highlighted the importance of multi-agent 
coordination to MAS and the difficu lties of  its realizat ion. 
The typical mult i-agent system -- RCRSS was chosen as 
the research and test platform. We proposed an approach 
based on center scheduling to assist multi-agent 
coordination, in which center is treated as an information 
collector, processor and coordination scheduler. 
Simulation tests showed that the coordination method 
proposed in this study performed well in  dealing with 
agent coordination in RCRSS.  

Yet, there are still some issues existing in this 
approach which need to be addressed and improved in
further research. For example, the process of aggregation 
and variation in  the clustering analysis method can be 
further optimized; the weighed model about clusters and 
tasks could also be improved.  

In addition, while center is default, more 
considerations should be taken into making agents act on 
behalf of centers in further work.  And further research is 
needed to see whether it is practical fo r agents to group 
into teams to achieve part ial coordination if 
communicat ion is poor. Under such circumstance, 
whether partial coordination with limited in formation can 
contribute to the globally acceptable optimum. 
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Abstract - This study mentions the new business 
mode and the business opportunity of the industrial 
enterprises which the cloud CRM creates. Also, this 
study introduces the concept of cloud CRM, analyzes 
the advantages of cloud CRM and local CRM and 
describes the designing principle and application mode 
of cloud CRM. In addition, the study discusses the 
effective way that the cloud CRM can be used in
industrial automation and points out the development 
of industrial enterprises and improvement of techniques 
which are applied.

Keywords - Cloud computing, cloud CRM, cloud 
system, industrial automation, industrialization

Industry and manufacturing requires the support 
of IT technology. The new web technology based on 
cloud computing provides a platform on which  
industry and manufacturing combines and organizes 
their resources effectively [1]. As a new generation of 
technology and one of the strategic industries set by 
government, cloud computing has successfully 
provides the industry with core competences on their 
business mode upgrading. In  addition, cloud 
computing not only makes new way  to manage 
enterprises IT foundation but also introduces new 
wisdom to run business. The appearance of cloud 
CRM provides CRM with techniques to make sure 
that clients need can be successfully fulfilled. Th is 
effectively limits business cost, improves business 
efficiency and creates new business mode and 
business opportunity.

I. CLOUD COMPUTING AND CLOUD CRM
A. Concept of cloud computing

As a rapidly developing technology, the concept 
of cloud computing has been modified and enlarged 
all the time since its appearance [2-4]. The University 
of California, Berkeley issued a report about the 
cloud computing, which believes that the cloud 
computing means not only the application in the form 
of services on internet but also the hardware and 
software in  the data center which  provides these 
services. These hardware and software a

certain style of computing, whose foundation is the 
delivery of services, software and processing ability 
with public or private network. Google defines cloud 

Google created the cloud computing in order to 

business. But it wants to provide clients with the 
cloud computing as a type of service after it enlarges 

the scale of facilities.

B. Concept of cloud CRM
Cloud CRM, also known as cloud based CRM, 

web based CRM or online CRM, is the CRM system 
arranged on cloud system which provides different 
enterprises with CRM services via internet. Narrowly  
speaking, cloud CRM is the CRM services 
specifically designed for clients which is obtained via 
network (either Internet or local area network). 
Generally speaking, cloud CRM puts the CRM 
services specifically designed for clients on the server 
engine. Providers of the server manage the data and 
upgrading services. This mode makes clients input, 
obtain and handle data at any point [5].

C. Applications of Cloud CRM
Cloud computing will bring cloud CRM a series 

of developments and CRM provides will break the 
traditional limits to expands their business in the 
fields of SaaS, Online, SNS and so on. Without 
increasing the budget, cloud CRM makes the 
following come true: effectively expands business 
opportunity, cuts business burden of staff, optimizes 
business flow, decreases the mistakes on daily 
business running, shortens the service time, 

II. COMPARISON OF CLOUD CRM AND LOCAL 
CRM

A. Advantages of Cloud CRM
Compared with local CRM, cloud CRM has 

many advantages on providing services to medium 
and small-sized enterprises (SMEs). 

(1) It has the database of high accessibility. By  
linking the data to cloud network, cloud CRM makes 
it easier for different departments to share and 
connect. Also, cloud CRM makes it  possible for sales 
persons who are on business trip to access database to 
get information needed.

(2) Third party provides professional 
management services, which effectively cuts working 
burden. Also, service providers are able to configure 
system, manage the process of testing and data used 
in enterprise management application.

(3) It effectively limits business cost. It is highly  
possible that cost limiting  is the primary reason that 
SMEs turns to cloud CRM. The way to pay is to use 
the service before paying according to the amount of 
clients monthly or yearly.
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(4) It consumes less resource. This saves more 
resource for the enterprises in data and informat ion 
storage. It is obviously that the resource consumed 
when the data is saved on internet servers is much 
less than that consumed when the data is saved on 
local servers.

B. Advantages of Local CRM
Compared with cloud CRM, local CRM has 

many advantages on providing services to large 
industrial enterprises.

(1) Local CRM has the database of high 
controllability. This maximizes the ability of the 

totally unnecessary for the enterprises to build 
database on public internet servers if they are able to 
construct database on private servers.

(2) Data is updated timely. There are many firms  
who prefer to handling the process of updating data 
timely, although cloud CRM is a practical tool for 
many applications of enterprises automation.

(3) It is quite safe. Local CRM plays a very 
good role when the information stored is used 
internal only.

(4) It is quite cost-effective. Somet imes it may  
not be able to save costs for enterprises if they pay 
according to the amount of users. Also, when the 
enterprise database is accessed by large amount of 
users every day, it will save more cost to set local 
system.

(5) It is much more immune to external 
interference. It is not exempt from external 
turbulence if the daily maintenance is outsourced. 
However, it cuts sharply the possibility that database 
is failed to access if the information system is 
constructed internally.

III. APPLICATION MODELS OF CLOUD CRM

A. Design principle of cloud CRM
Cloud CRM shows the principle of 

data-flow-centered when designing system. In order 
to show key steps of data flow in CRM system, it  
divides the system into different parts: data collect ion, 
data storage, data process and data delivery. A lso, it  
connects all chunks with distributed data bus to 
exchange data effectively. As a result, the data flow 
and data exchange mode are designed clearly.

B. Design of cloud CRM
Cloud CRM is designed layer by layer. 

Logically, it divides the system into ability layer, 
platform pay and application lay. This way of design 
makes it  possible to adjust the organizat ion of every  
chunk in system according to clients needs.

(1) Ability layer. It consists of distributed data 
bus (ability to  contact), distributed storage capacity 
(ability to store), distributed working flow and 
scheduling engine (ab ility to compute and arrange 
resource), etc.

(2) Platform layer. It contains consolidated data 
management and accessibility, consolidated service 
management framework, consolidated service 
delivery framework and automation management 
system, etc.

(3) Application layer. It structures the software 
chunks run on platform layer. And the application 
layer provides all these services.

C. Framework of cloud CRM application system
According to the above, cloud CRM applicat ion 

mode can  be d ivided into 8 sub-systems shown on 
Fig.1.

(1) Maintenance management system. Built  on 
cloud server, it contains configuration and control, 
priority management, alarming management, 
application management and fault management. It  
provides highly efficient maintenance service for 
system platform and business application.

(2) Distributed data bus system. Built on cloud 
server, it provides trustable data transformation, 
exchange and application collaborative p latform. It  
supports the communicating and cooperating among 
all parts in the distributed data bus system.

(3) Data collection system. Built  on cloud server,  
it contains configuration manager, data purificat ion 
and data processing. It is the starting point of data 
driving framework. The data comes from the source 
like PC network, mobile network, community 
network and etc. Also, it purifies, organizes and 
converts the form of the input data according to 
configuration and stategy.

(4) Data storage system. Built on cloud server, it  
contains integrated data management system, cluster 
of relational database, distributed real-t ime database, 
distributed file system. It provides data storage 
service for data collecting, data analyzing and system 
platform.

(5) Data analysis system. Built  on cloud server, 
it contains distributed computing model, data 
converting, data aggregating, data associating and 
data mining. It  provides data analysis service for data 
storage, distributed working flow and strategy 
engine. 

(6) Data service system. Built on cloud server, it  
contains service management system, data accessing 
management service, business logic service and Web 
service API. It provides data service management for 
service delivery, data storage and system platform.

(7) Service delivery system. Built on cloud 
server, it contains server, delivery management, load 
balancing. It provides data delivery service for 
system clients, system platform, data service and 
distributed working flow.

(8) Distributed scheduling system and working 
flow engine. Built on cloud server, it  serves as the 
operator in the system. It provides the function of 
defining, scheduling, cooperating and operating for 
distributed working flow and strategy engine of large 
scale.
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Fig.1. System Framework of Cloud CRM Application Model 

IV. APPLICATION OF CLOUD CRM IN 
INDUSTRIAL AUTOMATION

A. Technology Developments and Business Startups 
based on Cloud Computing

Cloud computing platform and cloud computing 
service mode have become the primary mode in  

computing service in post-super computing era. The 
technology and service development created by it 
will have a great impact on the competit ion in  
industries and accelerate the upgrading of economic 
structure adjustment [6].

Industrial cloud computing platform and 
industrial cloud computing service provides services 
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to SMEs, especially those who are lack the ability of 
production designing and developing. With the 
techniques and business mode of cloud computing, 
they build the advanced IT development tools on 
cloud platform so that industrial enterprises are able 
to rent network and reduce the barriers which prevent 
the firms from using the service. With  industrial 
cloud platform, clients can learn advanced IT tools, 
obtain skill support from peers either with or without 
payment, get technical materials and design tools 
specifically for themselves. And all these help to run 
technology development and business startups.

B. Breaking point new technology system of 
industrial automation based new generation of cloud 
computing

Currently, cloud computing has been gradually 
becoming popular in the world. A lthough some 
people doubt the cloud computing, the solution 
provided by Amazon, Google has already tells us that 
it efficiently  simplifies the computing process and 
integrates remote informat ion and local informat ion 
in just a few codes. Essentially the Andriod mobile 
phone has become client terminal equipment of the 
cloud computing. And the Apple is making effort  to 
make ITune the cloud computing service.

It can be forecasted that the super business and 
super computer in scientific computation from all 
countries will soon be integrated into cell phones like 
those produced by Apple and Google. Therefore it is 
growing to  the next b reaking point that we design a 

cloud CRM application, mobile CRM supports the 
accessibility via mobile phones, PC, tablet computer, 
which makes it possible to work on internet 
anywhere. Therefore, we can say that the era of 
mobile CRM has been there.

C. Development of industrialization based on Cloud 
CRM with IaaS, SaaS and PaaS modes

In terms of service type, the cloud computing 
can be classified as IaaS, Paas and SaaS [7].
Comparably, three types of CRM service systems can 
be developed for industrial enterprises.

(1) IaaS. IaaS providers give clients the cloud 
facilit ies which include mult iple servers. This is a  
hardware collocation way in which clients buy the 
hardware from manufacturers.

(2) PaaS. PaaS provides development 
environment as a type of service. This is a distributed 
service platform where manufacturers provide
development environment, server p latform and 
hardware resource to clients. Clients make 
applications on the platform provided, transfer to 
other users via Internet and then run the applications 

on cloud computing platform.
(3) SaaS. SaaS providers put application 

software on their own servers. Industrial enterprises 
are able to not only obtain CRM services with low 
cost but also use these application software via all 
types of clients interface on client equipments like 
internet browser and email based on web page.

Based on IaaS, SaaS and PaaS, industrial 
enterprises are able to practice efficiently, cut their 
costs in designing and manufacturing, shortens the 
time span in the cycle of product upgrading and 
increases the resources efficiency so that they can
develop their core competencies.

V. SUMMARY

The nature of the economic growth in China is 
industrialization, whose essential is the optimizat ion 
of industries structure and the improvement of 
economic efficiency. The cloud computing makes it  
true that resource is integrated. Clients then use 
massive resource with low cost to meet their specific 
needs. Those resources are accessed through mult iple 

efficiency of computer resources used and saves the 
t. Therefore, in  the current  environment 

where the cloud computing is growing rapid ly it is 
important and urgent to develop the application of the 
cloud computing on industrial automation. 
Meanwhile, CRM will merge with the new 
technologies like cloud computing, the internet of 
things and cloud computing to help the development 
of the industrial enterprises.
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Abstract - Based on analyzing the reasons for the 
vulnerability caused by medical decision-making system and 
the formation process and the factors leading to the 
vulnerability of the system and its impact methods and 
results, we can establish the interference model. Through 
analyzing the vulnerability of the health care system with 
robustness theory, we may ultimately find a way to improve 
the robustness of the system. 

Keywords - Medical decision-making system, robustness, 
vulnerability 

I. INTRODUCTION 

According to the study of medical institutions over 
the past 40 years, the American Institute of Medicine 
finds that 7% of medical pat ients had suffered serious 
medical errors. WHO reports that about 10 percent of 
patients in Canada, New Zealand and the United Kingdom 
and other countries suffer adverse medical events more 
than once every year. Therefore, how to improve health 
care quality and efficiency in the health care process has 
been an important research topic in the United States and 
other developed countries. 

Due to poor economy in  Chinese developed regions, 
the quality of medical services is difficult to be effectively 
guaranteed, which leads to medical errors and other 
adverse events by the diagnosis frequently. How to make 

to effectively cover 22 percent of the world population is 
an important issue facing the development of the medical 
profession. 

II. LITERATURE REVIEW 

Medical de
a hot and difficult problems in the field of research, which 
is also a complex interd isciplinary problem. Many 
scholars have done a lot of research work on it and the 
robustness of complex systems is one of the important 
research content.  

Robust control theory first proposed by Zames in 
1981 [1], which is the most successful and relatively 
complete to solve robust problem currently. In the 
medical system, the robustness means the ability to adapt 
a range of different diagnostic or service requirements in a 
changing environment and external disturbances. In order 
to depth study the effect of the transfer efficiency to 
robustness, the following will rev iew three aspects, 

-jamming  capability, fau lt 
tolerance and redundancy of data structures. 

A. Anti - interference ability of complex systems 
In the knowledge uncertainty, a variety of random 

events on the system will produce different degrees of 
interference. Dismukes, et al. (1998) proposed several 
strategies to solve the system s vulnerability due to 
interference [2]. Morrow D, et al. (1994) analyzed the 
human expert b lunders in medical decisions due to 
various aspects of external interference [3]. In order to 
solve the interference problem of complex systems, some 
scholars have established various graph model and goal 
programming, such as the space-time network graph 
model (Ahmad I Jarrah, et al., 2000) [4], interference 
resume game tree model, PERT chart model and use 
precise algorithms, heuristics (Xiangpei Wu et al, 2008) 
[5] and auction-type algorithm to solve the model. In 
addition, from the perspective of the theory of complex 
systems some scholars treat interference or signal as a 
function of the variable signal to describe  interference 
problem, which is classifed into linear pulse interference 
function, pure step-type function, enhanced function and 
extended recession reduced impact type function (Guan 
ZH, et al., 2002) [6]. However, due to the complexity of 
the interference problem, the impact of interference 
metric and interference events and evaluation method is a 
problem, and modeling work is still a b ig challenge 
(Xiangpei Wu et al, 2007) [7]. 

B. Fault tolerance of complex systems 
For medical decision system, Bogner (1994) 

considers emergency department is becoming important 
areas of fault tolerance research because of owning a large 
number of activit ies and special time constraints [8]. 
Information of medical decision systems is uncertain and 
complex, including patient vital s igns parameters, 
diagnostic information and patient monitoring equipment 
to provide case informat ion, etc., and the various 
emergency elements exhibit recessive, random or 
uncontrollable characteristics, such as the limitations of 
technology, data errors and inadequate communication 
between health care. These factors make communication 
in medical decisions system full of noise, which is likely 
to cause medical decision-making errors. But system fau lt 
tolerance can reduce or eliminate such errors in  a certain
degree in  specific conditions. Medical decision system 
fault tolerance not only need to  focus on the non-human 
faults but also artificial and unpredictable attacks (PENG 
Wen Ling, 2004) [9]. For instance, we can  establish 
common methods include hierarchical fault-tolerant error 
detection and error handling framework to improve the 
system fault tolerance (Xuanhua Shi, 2006) [10]. 
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However, research has yet to involve in  solving fault-
tolerant of system robustness, which is focus on the 
ability to maintain system stability when the environment 
changes within a certain range. So considering the impact 
of medical decision-making system robustness 
characteristics and designing and controlling medical 
decision robust system is important. 

C. Information redundancy of complex systems 
Uncertainty of knowledge in complex medical 

decision-making systems increases data redundancy, 
which leads to less efficient reasoning. How to efficiently
eliminate data redundancy caused widespread concern (N. 
Hazon, 2008) [11]. For instance, though using the genetic 
algorithm in optimizing features to eliminate high-
dimensional data attribute redundancy can improve search 
rate case, the case is easy to make into a local library in a 
state of disorder caused by reasoning under optimal 
accuracy decreased(GR Beddoe, 2006) [12].  Though 
using the neural network for the elimination of case-based 
reasoning similar matches redundancy can improve 

matching efficiency, reasoning accuracy loss when the 
overall case neurons represented the maximum similarity 
is relatively  low (R. Das, 2009) [13].  The method which 
dividing case into sub-case base library to overcome the 
case base retrieval redundancy improves retrieval 
efficiency, but the inference system sensitivity decreases 
(CA Tighe, 2008) [14]. These conventional methods to 
eliminate redundancy in the data to improve the efficiency 
of the system to some extent, but ignores the robustness of 
the system. For medical decision-making system,
robustness means that reasoning is still able to maintain 
high accuracy and sensitivity when the system 
informat ion is uncertain (such as becoming disordered) (K. 
Ziha, 2000) [15]. 

III. CONTENT OF THE STUDY 

Questions of the Research can be further expanded, 
as shown in  Fig.1. Several basic concepts should be 
explained: 

Research on quality and efficiency 
of the medical decision-making system 

based on robustness theory

Constraints inherent 
factor

Impact of exogenous 
factors  robustness criterion

Identification of 
vulnerability 

factors 

Inherent factors
effect on 

vulnerability

Effect on 
interference 

physical model

Effect on 
interference 

management model

Robustness
criteria group

The  methods and 
measures based on 

robustness

Practice Background:
 Medical Decision 

The vulnerability of the system

H2-2

H3

H1-1 H1-2

H2

H2-1

H1

H3-1 H3-2

Theoretical background: 
Fusion robust reasoning

Fig.1. The expansion of the issues of the study 

(1) Inherent factors of medical decision-making 
process (H1): refers to the internal behavior restrictions 
during medical decision-making process in the system,
such as time constraints;  

(2) Exogenous factors of medical decision-making 
process (H2): refers to the internal behavior restrictions 
during medical decision-making process out of the system,
including hospital management factors and environmental 
factors;  

Based on the above assumptions, this study intends 
to analyze complex medical decision-making system in 
the internal mechanism of the vulnerability of the 
phenomenon, using a variety of theories and methods of 
analysis. The main contents of the subject are div ided into 
the following two aspects (C1, C2 for the contents of the 
code portion). 

A. C1: Medical decision-making system vulnerability 
identification and interference transfer model 

In this study, we determine the type of system 
interference by vulnerab ility identification method, and 
construct interference analysis model by using of system 
identification modeling. Specific research can be 
decomposed as follows:  

C1-1: interference identificat ion and classification of 

C1-2: qualitat ive study of vulnerability by the effect 
of the system exogenous factors, such as the manifestation 
of the key factors and influences (such as induction and 
inhibition) mechanism, etc.;  

C1-3: quantitative study of vulnerability by the effect 
of the system exogenous factors. Study of the physical 
model studies of interference according to the time 
domain  and frequency domain series expansion, and do 
some research on sensitivity of system interference (such 
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as the source of interference and interference frequency, 
etc.);  

C1-4: Study of interference delivery model of 
vulnerability management system, such as interfering 

and so on. 

B. C2: The method and measures of robustness to deal 
with the vulnerability of the system 

To deal with the vulnerability of the systems and 
study measures of robustness, many factors need to be 
considered, such as spatial data redundancy system, 
tolerance and so on.  

By adding Vulnerability constraints, we can establish 
transfer function model; Because interference transfer 
model can identify vulnerab ility in the robustness criteria 
group, this study intends to build target model in the 
robustness of the control, and use collaborative decision-
making method to study system fault  tolerance, anti-
interference ability and robustness eliminating data 
redundancy. Specific research can be decomposed as 
follows:  

C2-1: Study of fault-
robustness (such as improving the system tolerance);  

C2- -interference 
ability under the system constraints;  

C2-3: Study of spatial reasoning redundancy systems 

C2-4: Establish a system robustness criteria group 
and robustness measures. 

IV. PROGRAM OF THE STUDY 

Research programs by content broken down into the 
following two aspects:  

A. Interference model-based vulnerability analysis  
Based on the reasoning in the integration model, C1-

1 modeling using system identification method to 
establish the model by adding random noise interference 
term, robust criteria group study and assess the impact of 
interference on the integration of the model error, the use 
of mult iple criteria, such as the case similarity distinction , 
resolution and inference rules reliab ility study is based on 
the robustness of the decision-making and to study 
medical decision support system vulnerability assessment 
system. C1-2 simulated annealing genetic algorithm for 
medical decision-making system mistakenly classified, 
using FMEA method for medical decision-making system 
mistakenly retrospective, tracking and consequence 
assessment analysis.  

B. The robustness of the system design to deal with the 
vulnerability  

C2 using robust analytical methods to raise three 
robust threshold (in case similarity distinction 
vulnerability resolution and inference rules of harmonic 
maps in three dimensions on reliab ility) as constraints 

added to the impact of the transfer of interference model 
to identify system fragility of the critical point of change, 
and thus eliminate the vulnerab ility of methods and 
measures from interference, such as fault tolerance and 
redundancy elimination of multi-angle study of the system. 
C2-4 use robust evaluation framework fo r complex 
medical decision-making system robustness criteria group 
analysis, analysis and evaluation index system robustness 
of complex medical decision-making systems, and 
improving the system's anti-interference ability and fault 
tolerance angle Research to improve the overall reliab ility 
of complex systems, to reduce the vulnerab ility of 
complex systems. 

V. CONCLUSION 

This study intends to study the quality and efficiency 
of medical decision-making system problems based on 
robustness theory, which is relatively lacking in domestic 
research. Combined with Chinese national conditions, we 
develop decision-making tools based on robustness that 
will help to  improve the quality and efficiency of medical 
decision-making system, which is significant for the 
development of Chinese medical career. 
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Abstract - The complex of machinery repair 
process restricts the development of machinery 
maintenance industry. While the machinery repair 
process management evaluation is the main factor in the 
maintenance of mechanical products. In this paper,
based on the standard de viation of weights, the extended 
model is made to find out the importance of each 
maintenance indicators objectively and then determine 
the priority of planned maintenance mechanical 
products under comprehensive influence of various
indicators reasonably.

Keywords - Correlation degree, comprehensive 
evaluation, deviation of weights, extension theory

I. INTRODUCTION

With the speedy development of economy in our 
country, maintenance industry of mechanical products 
growing rap idly. In recent years, following the 
maintenance technology improving, maintenance 
mode optimization and maintenance strategy has 
attracted many scholars, however, there were few 
studies for maintenance assessment of mechanical 
products based on deviation of weights in different 
environment. Yang Dandan.et al [1-3] proposed an 
extension analytic hierarchy process, using format of 
extension sector number to get the judgment of 
experts subjective value, fu rther to obtain the relevant
value for each indicators through extension judgment 
matrix. Chen Bingfa.et  al [4] proposed a new extended 
fault diagnosis method with gray correlation analysis 
and failu re characters of mechanical products were 
analyzed by gray correlation analysis, obtaining an
accurate correlation analysis through enlarging 
samples of fault diagnosis. Kong Fansen.et al [5] used 
extended analysis applying to engine cylinder body 
production line. Adopting up-to-down system analysis 
to define weight coefficients. Furthermore, 
maintenance strategies were developed according to 
the integration relationship degree. Zhang Xiong.et al 
[6] used extended method evaluating maintenance 
support capacity of helicopter, by establishing an 
extended matter element model under mult iple 
indicators, gaining a scientific and reasonable 
evaluation process. Xiang Changcheng.et al [7] 

designed an extended immune algorithm, utilizing the 
theory of self and non-self recognition in immune 
system and immune clone selection, with the 
combination o f extension matter-element analysis and
extension set and applying in the fau lt diagnosis of 

steam turbine. At the same time, the concept of 
extension distance has been put forward and on the 
basis of it the extension K nearest neighbor has been 
designed which can be used for data classification and 
fault diagnosis. Yang Yi et al [8] established an 
effective evaluation index system of maintenance 
support system by multi-level extension evaluation 
method. In the existing research results, most research 
has focused on using the extension method to specific 
analysis on the strategy of mechanical products 
maintenance and machine fault d iagnosis, however, 
there are few research on maintenance evaluation of 
weights determination under different environment. 
The paper established a new model for maintenance 
management assessment, vertical determination for 
priority of planned maintenance products concerning 
about comprehensive influence of each  indicators and 
made lateral correlation analysis based on the given 
standard indexes, until reached pre-determined 
criteria of turn around time (TAT), provid ing a 
reliable basis for ongoing analysis on maintenance 
industry of mechanical products.

II. EXTENDED ANALYSIS BASED ON THE 
STANDARD DEVIATION OF WEIGHTS

In the process of maintenance management of 
mechanical p roducts, finding the delay t ime for repair 
and test is the key to solve TAT. By determin ing 
weights of each maintenance indicators and analyzing 
reasons of correlation analysis of each indexes for 
planned maintenance mechanical products, seeking 
the root of problem and  putting forward improvement 
opinions for the quality of mechanical products 
maintenance. 

In this paper, comprehensive assessment process 
of extended maintenance management div ide into 
following two parts:

(1) Determine goal-index attribute matrix 
according to the given data and weights of each 
indicators were established through standard 
deviation, thus getting weight vector of evaluating 
matter element and value for each indicators of 
mechanical products, then can find goal-improving 
products based on the priority of p lanned maintenance 
mechanical products.

(2) Hierarchy structure was established 
according to maintenance management indicators of 
mechanical products, determine data scope of 
evaluation of matter element, put the improving 
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products as evaluation matter element, then putting 
each indicators of matter element into each 
subordinate set to evaluate under multiple indicators. 

III. THE EXTENDED MODEL BASED ON 
STANDARD DEVIATION

A. Determination of weights coefficient

Adopting standard deviation method to 
determine the weights coefficients of evaluation 
indicators. Take mid-range of each interval 
determined by each classical domain subordinate set 
as attribute matrix H, which Hab expresses the 
attribute value of products a under indicator b is rab:

11 12 1m

21 22 2m

n1 1

ab n m

n nm

r r r
r r r

H

r r r

1mr11m1m

r2mr2r

nmr
   (1)

According to the charactor of maintenance 
products, all the evaluation indicators are cost type 
indicator. By cost type indicator dimensionless 
method to attribute matrix, then get the dimensionless 
attribute matrix Z=(Zab)n×m. Let W=(w1,w2,...,wm)T be 
the weight vector of evaluation indicators and 
satisfied following the unit constraint conditions:
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Let S be the standardization of weight attribute 
matrix:
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For the indicator b, standard deviation of each 
products attribute value Sb is defined according to 
matrix S:
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where,
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If indicator Hm has few significant influence for 
all mechanical products, that is to say the indicator Hm
has the same influence for all mechanical products. At 
the same time, the priority would has no effect based 
on this indicator. Obviously, this indicator may delete 
or make its weight coefficient zero. Conversely, if the 
indicator Hm has great difference for each goal of 
indicators, that is to say the indicator Hm has 
assignable influence for p riority and this indicator 
should give a large value. Assume all the selected 
indicators have significant influence, then solve 
following optimizat ion model can obtain the optimal 
weighted vector:

1

max
m

b b
b

W w
        (7)

s.t. 

2
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1

m

b
b

w
           (8)

By fomula (8), the optimal weights vector can be 
obtained. Normalize above objective function value:

*

1

b
b m

b
b , (9)

    The results of normalization cannot be effected 
to priority.

B. Establish classical domain and joint domain of 
each evaluation matter element

According to the principle of analytic h ierarchy 
process, hierarchy model for maintenance 
management optimization of mechanical products can 
be established. Suppose there are t mechanical 
products and s catalog quantity of products, then the 
catalog of evaluation of mechanical products can be 
denoted as N0s, let C be evaluation indicators 
corresponding to s, and V0st=<x0st,y0st> be the value 
range corresponding to C, where V0s is the function of 
C, so the classical domain can be denoted as R0s:
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According to the standard matter N0, joint 
domain  can be denoted as Rp, where Rp is the matter 
element consisted by mult iple standard matter. Owing 
to V0s is the function corresponding to feature C,
feature value range of joint domain is larger than each 
classical matter element. 
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Where, p represents summary of all the 
evaluation catalog, namely value range of joint 
domain contains all value range of evaluation catalogs 
s, let Rm be the evaluation matter element for 
mechanical product M:
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C. Determination for correlation function and 
evaluation level

Define bounded interval E0=( , ), let E0 be the 
value range for each matter element of classical 
domain. Distance can be denoted as (e,E0),

0e,E
2 2

e
    (13)

According to formula (13) and characters and 
formulas of correlation function [8], correlation 
function can be denoted as K(e):
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e E
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Where, E0 is the value rang of classical domain  
of each mechanical products corresponding to C, E is 
the value range of joint domain Rp corresponding to 
C.

According to formula (14), correlation degree of 
each indicators for evaluation matter Ni can be 
calculated. Afterward, make superiority evaluation 
based on detail actual requirements of maintenance 
mechanical products. 

IV. CONCLUSIONS

By determining the standard deviation of 
weights, this paper can obtain the comprehensive 
priority of all maintenance products corresponding to 
each indicators, targeted to find maintenance products 
which have obvious influence on enterprises TAT, and 
providing effect ive data fo r ongoing lateral extended 
analysis. Each value range of hierarchy indicators 
were based on accumulated data and evaluation of 
indicators can be determined by extended analysis, 
this method can quantitatively and objectively reflect 
the degree of character for each indicator, provid ing 
the foundation for seeking the root influence of TAT.
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Abstract - Analyzed existing spatial data models, and 
made sure the data model for the 3D geology spatial 
database engine; Referring to the existing relationship 
models, improved the topological relationship model and 
relationship calculations to 3D geology spatial data ; 
Discussed the existing space data management modes and 
their scopes, found the storage style and structure for 3D 
geology spatial data; Chose available spatial indexes and 
query /analysis strategy for 3D geology space database 
engine; Analyzed system structure and the characteristic of 
existing space database engine, put forward the structure for 
geology space database engine, and presented its work steps 
in the update and query/analysis processes.

Keywords - 3D geology spatial data, spatial analysis, 
spatial database engine, spatial data model, spatial 
relationship model

I. INTRODUCTION
For tradit ional database cannot support all 

requirements of spatial data because of the particularity of 
spatial data (such as timing, mult idimensional), spatial 
database is called an occur. Most of existing spatial 
database are built on the basis of relat ional database 
management system(RDBMS), commonly known as the 
spatial database engine (SDE, first proposed by ESRI 
company), including ArcSDE, Oracle Spatial, 
SpatialWare, DB2 spatial extender, Informix Spatial 
DataBlade Module and SuperMapSDX+ [1].

Compared to the spatial data in geographic 
informat ion system (GIS), underground geological spatial 
data is more complex. We can only get discrete data by 
special means (such as seismic, drilling) and then deduce 
all data in  underground 3D space for the invisib ility of 
underground solid. All analysis on the underground 
geological data is based on the deduced data, and the 
requirement of storing and processing these data is more 
special. This paper researched on the key technology in 
the design and development of 3D geological spatial 
database engine (GSDE), including data model, relational 
model, storage structure, spatial index, spatial analysis 
and system structure [2-5].

II. DATA MODEL OF 3D SPATIAL DATA

In the design of 3D geological database engine, the 
first problem is the expression of 3D geological spatial 
data, to establish a data model of 3D geological data. 
Spatial data model mainly includes three aspects as 
follows: 1) Geometric model, which describes the spatial 
morphology of geological bodies, such as shape, size, 

location, etc.; 2) Topology model, which expresses the 
relationship between geological bodies; 3) Property 
model, which reflects the property features of geological 
bodies, such as porosity, oil saturation [6].

Spatial data model is classified as wire frame model, 
surface model, entity model and hybrid  model. Surface 
model and entity model are commonly used in geoscience. 
Surface model represents bodies with solid boundary, do 
not need to enumerate all internal point of bodies; entity 
model represents bodies by filling the body space with 
body element, which is easy to describe the property 
features.

At present the main data model includes CSG, TIN, 
Grid, TEN, HEX and Octree. Each  model has its 
advantages and applicable scope. 3D geological model is 
commonly represented by mixed structure model such as 
TIN-Grid, TIN-CSG, TEN-HEX, TIN-Octree, etc..
GSDE can adopt TIN-Octree mixed structure model. TIN 
is a kind of surface model, expressing the surface 
boundary of geological body and topological relat ion 
between bodies, it is a kind of vector data format; Octree 
is a kind of entity model, expressing internal structure and 
property features of geological bodies. In applications 
without internal properties such as visualization or spatial 
relation representation, the TIN model is enough; in 
applications involving internal properties of geological 
bodies, Octree model is adopt, which is a kind of raster 
data format.

In the TIN model, this paper subdivided four types
of vector 3D geological data, point, line, plane, body into 
seven types as following : point (multipoint), line 
(mult iline), closed line, polygon, nonclosed TIN plane, 
closed TIN plane, closed TIN body. 

III. RELATION MODEL OF GSDE

ESRI defines 7 basic spatial relations in the interface 
of IRelat iona1Operator of ArcObjectS components: Equal,
Contain, Within, Disjoint, Overlap, Touch and Cross.

Wu and Shi considered there are ten kinds of spatial 
topological relat ions in 3D space and there are twelve 
kinds of basic spatial relations which can represent these 
spatial topological relat ions [7]. The twelve kinds of basic 
spatial relations include Disjo int, Equal, Touch, Cross, In, 
Contain, Overlap, Cover, Cover by, Enter, Pass, Pass by. 
The ten kinds of spatial topological relat ions include 
point to point, point to line, point to plane, point to body, 
line to line, line to plane, line to body, plane to body and 
body to body [8].
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In this paper, the spatial data are subdivided into 7 
types with 21 types of spatial topological relation as 
following:
1) Po int/point, point/line, point/polygon, point/nonclosed 
TIN p lane, point/closed TIN plane, point / body (closed 
TIN);
2) Line/line, line/polygon, line/nonclosed TIN plane, 
line/closed TIN plane, line /body (closed TIN);
3) Polygon/polygon, polygon/nonclosed TIN plane, 
polygon/closed TIN plane, polygon / body (closed TIN);
4) nonclosed TIN plane/ nonclosed TIN plane, nonclosed 
TIN p lane/closed TIN plane, nonclosed TIN plane / body 
(closed TIN);
5) Closed TIN plane/ closed TIN plane, closed TIN p lane/ 
body (closed TIN);
6) Body (closed TIN) / body (closed TIN).

In view of the expression and processing 
requirements of geological entities, th is paper defines 
nine kinds of basic spatial relations, including Disjoint, 
Equal, Contain, Inside, Overlap, OnBorder, Touch, Touch 
by and Cross, to express these 21 kinds of spatial 
topological relat ions. For convenience, the topological 
relations except Disjoint can  be classified  as a class. Then 
the spatial topological relat ion is summarized as two  
kinds: Disjoint and Intersect.

IV. STORAGE STRUCTURE OF GSDE

Spatial data is managed mainly by three modes [7],
file mode, mixing file and database mode, database mode. 
And database included relational database, 
object-oriented database and object-relation database. The 
most commonly spatial data management mode is 
relational database mode or object-relation database mode. 
Representative of the relational database mode is ArcSDE,  
and representative of the object relation database mode is 
Oracle Spatial.

There are two methods to store spatial data in  the 
relational database. One way is to split spatial entity into 
basic points, lines, planes and store them. Another way is 
to store it in a large field of binary data. The latter way is 
popular and it avoids connection search operation and 
retrieves property data retrieval fast. The drawback is that 
SQL does not support spatial retrieval, and access 
interface for spatial data should be developed.

Object-relational database itself provides support for 
objects, especially the Oracle Spatial supports three kinds 
of basic object types: points, lines and planes, and their 
aggregates. With the object-relational database, efficiency 
of storage and retrieval is very high.

Testing on 3D geological data shows that Oracle 
Spatial can't satisfy the 3D data model, as shown in  Table 
I. In addit ion, Oracle Spatial does not support 3D index.
Therefore GSDE only uses the relational database mode.

TABLE I

No. Entity Type Support or Not
1 MultiPoint Yes
2 MultiLine Yes
3 Polygon Yes
4 Charactors Yes
5 Tin Yes
6 2D Raster Yes
7 3D Raster Not
8 BlockModel Not
9 Volume Not
10 Divided polyhedron Not
11 Spatial property field Not directly

V. SPATIAL INDEX AND ANALYSIS OF GSDE

Spatial index is a special data structure to store some 
(or a group of) property of geological entity, it can 
express some relation of spatial objects, such as location, 
shape etc.. Through the spatial index, spatial objects in  
accordance with query conditions can be quickly located. 
There are many kinds of spatial indexes, and spatial index 
technology typically  include R-tree index, quad-tree 
index, grid index, which are established based on the 
minimum bounding rectangle of spatial entities.  R-tree 
spatial index is famous and fast, but complex to maintain  
it, and it cannot guarantee the only path in the exact 
match query. Grid index is simple to implement and easy 
to maintain, and the lookup process is relatively simple. 
In order to improve the efficiency, multilevel grid index 
can be adopted [7-9]. Concluded that, R-tree index applies 
to the data with less variability, grid index applies to the 
data which changes frequently.

The characteristics of database management system 
and 3D geological spatial data model determines that the 
spatial index of 3D geological spatial database engine 
cannot be realized by the existing spatial index of 
relational database. So spatial index can only be realized  
by engine itself.

Spatial index itself is stored in the database. When 
the spatial database engine starts to work, the spatial 
index (such as R-tree index) is loaded into local backup; 
some index structures (such as the grid index) work by 
the way of SQL query, not being loaded to the local.

During  the spatial analysis process, spatial retrieval 
is executed with spatial index according to conditions to 
find out the space object which conforms to requirements. 
Two-step algorithm is applied in the process of retrieval 
as following [8]: The first is filtering, which narrows the 
target area through the spatial index, eliminates spatial 
object which does not meet the conditions obviously, and 
gets a potential candidate set; the second is refining, 
which confirms the final result by detecting the accurate 
geometric information. The process is shown in Fig.1.
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Space operator represents a spatial relationship and its operation mentioned above.
Fig.1. Two-step algorithm for Spatial Query

Considering some additional properties are stored in 
the factor / entity table, the method of union queries with 

property and spatial index can also be used to further 
improve the retrieval efficiency, as shown in Fig.2.

        
Fig.2. Spatial Query with Attributes Filter

VI. SYSTEMATIC STRUCTURE OF GSDE

A. Three Types of Spatial Database Engine
The development direct ion of SDE can be div ided 

into three types, including built-in, middleware and 
module. Built-in SDE directly expands DBMS (RDBMS 
or ORDBMS), represented by Oracle Spatial; middleware 
adopts the three-layer structure mode, represented by 
ESRI company's ArcSDE; module SDE adopts the 
two-layer structure mode, represented by SuperMap 
SDX+. The three kinds of structures are shown in Fig.3 
(Fig.3 is a simplified schemat ic, details see Fig.1, Fig.2 
and Fig.3 in [2]).

a. Inside mode b. Middleware mode c. Module mode
Fig.3. Three Structures for SDE

B. Structure Design of GSDE
The development of built-in SDE is too difficult  and 

just the database vendor can do it. Middleware SDE adds 
a middle service layer, which makes it complex to use 
and requires developers to complete the security control. 
Module SDE uses the functions of database management 
system, such as data security policy, user management 
and concurrency control, and focuses on application. As a 
spatial database engine for professional applications, 

GSDE should be flexible, easy to use, efficient and 
available in d ifferent database management systems. 
Among the three kinds of development model, Module
model fits the requirements best, and is the easiest to 
develop.

The working process of Module GSDE is shown in  
Fig.4. When data is updated, the engine is responsible for 
data processing (if necessary) and writes them to the 
database with SQL statements, and updates the local 
spatial index and ensures its synchronization with 
RDBMS. During the query/analysis process, the engine 
filters data according to the query command with spatial 
index, loads the filtered result set, and then refines and 
analyzes to get the final results. The process is shown in 
Fig.4.

RDBMS

Spatial index

preprocessing

update

a. Insert

3DGSDE DB Server

Where

(property filtering)

Result of property query

Where

(space filtering)

final query result

RefiningQuery

Spatial index

Candidate Set

Space Operator

Result Set

Filtering

Application

ORDBMS

SDE

Application

RDBMS

SDE Server

Application

+

SDE (DLL)

RDBMS

Research on Key Technologies of 3D Geology Spatial DB Engine 191



 

Fig.4. Work Flow of 3D Geology SDE a.Insert b. Query/Analyze

VII. CONCLUSION

Because of complexity  and diversity, it  is d ifficult  to 
manage spatial data, especially 3D data. Because of the 
differences of Spatial data and processing requirements in  
different industries, spatial database engine must adapt to 
specific data types and data model to implement fast 
retrieval analysis in the vast amounts of data, it is a 
feasible way to develop professional spatial database 
engine according to the industry. The GSDE in this paper 
is designed for 3D geological spatial data. It  adapts to the 
data model of 3D geological spatial data, satisfies the 
query, calculation, and processing requirements of mass 
data. It serves for virtual exh ibition, spatial analysis, and 
other applications. The GSDE has been implemented, and 
applied in the Creatar p latform which is developed by 
Information Geology Laboratory of Peking University, 
with good effect.
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1Abstract - The information service quality of internet 
disaster prevention and mitigation depends on the service 
of network platform. But there is the relation between 
processing usefulness and content easy use of service. So 
the hierarchical model of information service quality for 
internet disaster prevention and mitigation with useful 
index and easy use index is invalid. The paper applies 
ISM to analyze hierarchical and directed dependency of 
factors influencing information service quality for 
internet disaster prevention and mitigation, and use cross 
analysis to give set partition of factors based on their 
dependency, and on this basis, gives a quantitative 
measure and path evaluation of dependency. The result 
provides reference model for evaluating information 
service quality for internet disaster prevention and 
mitigation by the service process of network platform.

Keywords - Disaster prevention and mitigation,
dependency, information service quality, ISM

I. INTRODUCTION

At the Internet age, network platform is an 
important channel for disaster prevention and 
mitigation informat ion services . Government 
departments, meteorology, seis mology, health and other 
disaster prevention and mit igation information  
producers, through the official website, the official 
microblogging platform, etc., provide information, 
knowledge and alerts about the prevention and 
mitigation for public consumers. In this process, 
maintaining the usefulness and ease of the information  
is the key to ensure public consumers disaster 
prevention and mitigation o f network information  
service quality, and is an important link of service to  
implement the prevention and mit igation goals. In the 
service process of network platform, because 
usefulness and ease of use have association, the useful 
and easy to use index is difficult to maintain  
independence for evaluating the disaster prevention and 
mitigation o f network information service quality.
Based on network in formation service proces s and 
platform, d iscussing dependency of influencing factors 
about the information service quality has important 
implications for the proper evaluation of disaster 
prevention and mitigation o f network information  
service quality.

                                                                 
1This research has been supported by Research Grant of Science & 
Technology Department of Sichuan Province (Program No. 
2012ZR0120) and Development Fund of Philosophy and Social 
Sciences in the School (Program No. CCRF201004).

II. THE INFLUENCING FACTORS ABOUT THE 
INFORMATION SERVICE QUALITY OF 

INTERNET DISASTER PREVENTION AND 
MITIGATION

About researching on the evaluation of service 
quality of network information, Tao Lu [1] (2008), Yang 
Zhao [2] (2009), Meng-hua Liang [3] (2012), etc., When
evaluating the information service quality, they fully  
considered the ease of use and usefulness. But Bo Gen  
[4] (2012) and Chun-ji Liu [5] (2013) used perceived 
usefulness and perceived ease of use in TAM model to 
construct the influence factors of information service.
Thus, the ease of use and usefulness can be used as 
indexes to evaluate information service quality of 
internet disaster prevention and mitigation.

A. Usefulness

Usefulness means according to the possible harm 
of environmental disasters, the public consumers have 
the perception degree of informat ion service utility of 
internet disaster prevention and mitigation. Regional 
matching degree, disaster harmfu lness, update 
frequency, interpretability, user connectivity, amount of 
informat ion, linkage, and so on, they are the main  
factors that influence the usefulness of information  
service quality of internet disaster prevention and 
mitigation.

From the disaster perspective, different regional 
climate and geographical environment is different, the
local natural disasters have obvious regional 
characteristics. For the local economy and life, the 
destructive power of the similar d isaster in different 
regions and different seasons is not same. Disaster 
harmfulness is bigger, public consumers will more pay 
attention on the informat ion service quality o f internet 
disaster prevention and mit igation. Visible, the 
usefulness of information service and the environment 
(that is regional matching degree) is positive 
correlation. From the information of disaster
prevention and mit igation, its quality decides network 
informat ion update frequency and the relevant
informat ion interpretability. From the public consumers, 
the ability of understanding informat ion, the ability of 
obtaining informat ion from the network platform, the 
quantity of obtaining informat ion and the effect of 
guiding on actions (that is linkage) are terminal 
influence factors of informat ion service of disaster 
prevention and mitigation.
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B. Ease of use
Ease of use refers to the ease of access to the 

useful value of informat ion service after the public 
consumers adopt the network informat ion service of 
disaster prevention and reduction. So its influencing 
factors include in authority, accuracy, t imeliness, 
platform connectivity, accessibility, intelligibility, etc.

From the informat ion production, the informat ion 
of natural disasters has a correlation with public 
consumers. The more authoritative the p latform that 
publishes information, the easier the public consumer 
is convinced. The more accurate informat ion, the easier 
the public consumer adopts the information. From the 
dissemination of information, the disasters are 
characteristic of sudden occurrence. In the disaster 
period, including pre disaster and post disaster, the 
informat ion of disaster prevention and mitigation  
should be published by all platforms at the first time, so 
it can maintain  the public consumer terminal platform 
connectivity. In order to cover a wider range of public 
consumers, the network channels that public consumers 
are most vulnerable to contact should be unblocked.
From the content of informat ion service, to ensure that 
the informat ion service is ease of use, the information  
of disaster prevention and mitigation should be popular 
and easy to understand.

C. Dependent relationship between usefulness and ease 
of use

By reorganizing the influencing factors about the 
informat ion service quality of internet disaster 
prevention and mitigation, we can acquire the 
hierarchical relat ionship of these factors, as shown in 
Fig.1.

In Fig.1, the hierarchical relat ionship can't reflect 
the dependent relationship between usefulness and ease 
of use. Dependent relationship refers to the input -
output relationship of factors. The similarity of input 
and output is greater, and then the dependency of 
factors is stronger. The TAM model shows that 
perceived ease of use has a direct influence on the 
perceived usefulness [5]. In Fig.1, the factors of 
usefulness and ease of use are related with  the 
informat ion, and they have the interdependent 
relationship. Th is breaks the independence between 
factors. From the public consumer's point of v iew, 
unless the informat ion service of internet disaster 
prevention and mitigation is easy to use, it can't d isplay 
its value and usefulness. So there is the dependent 
relationship between usefulness and ease of use. In 
summary, the hierarchical relationship of factors is no  
longer suitable for analyzing the dependency between 
factors.

Fig.1. Hierarchical relationship of the influencing factors about the information service quality of internet disaster prevention and mitigation

III. ANALYSIS OF THE DEPENDENCY BETWEEN 
INFLUENCING FACTORS ABOUT THE 
INFORMATION SERVICE QUALITY OF 

INTERNET DISASTER PREVENTION AND 
MITIGATION

A. The analysis on directivity of factors' dependence
Factors' dependence has directivity. The 

directivity illustrates the relation of factors' dependence 
and the path of influencing the informat ion service 
quality. So using interpretative structural modeling
(ISM for short) [6] to analyze factors' directiv ity, we can  
get to the hierarchical structure of influence factors.
The specific analysis steps are as follows:

(1) Through interviewing some experts in the 
field of disaster prevention and mitigation or network 
informat ion services, the adjacency matrix for 

expressing the binary relation of factors is established, 
that is . According to this matrix, the 

Let and 
represent the influence factor and respectively, 
represents the influencing relat ionship of and ,
then

(2) Regional division. According to factors in 
beginning set B(x) and reachable set R(x) (or in  ending 
set R(x) and ahead set A(x)), we can determine if the 
region could be divided.

The information service quality of internet disaster prevention and mitigation
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(3) Level d ivision, that is to determine the level of 
each element in the reg ion. Let P be the set of a 
regional factors and L1, L2, ,Li, if using L1, L2,...,Li to  
represent the factor set of each level from high level to 
low level, then the level div ision can be expressed as 

1, L2, , Li. Let L0 1={xi |xi P-L0,
C0(xi )=R0(xi), , L2={xi |xi P-L0-L1 ,
C1(xi )=R1(xi), i<16}, , Lk={xi |xi P-L0-L1- -Lk-1,
Ck-1(xi )=Rk-1(xi), i<15}. According to sub-matrix of set 
P-L0-L1- -Lk-1, we can get common set Ck-1(xi) and 
the reachable set Rk-1(xi). Thus, we can  get the result of 
level division for influencing factors about the 
informat ion service quality of internet disaster 

prevention and mitigation:
(P)=L1,L2,L3,L4,L5,L6,L7={x1 },{x2,x9},{x6 },{x8 },{x5

,x7},{x3,x4,x10,x11,x12,x14,x15},{x13}
(4) According to the level d ivision in the third step, 

we can adjust the row and column of reachable matrix, 

and detection of adjusted matrix. 

(5) According to the skeleton matrix, we can 
establish the hierarchical structure of influence factors, 
as shown in Fig.2.

From the hierarchical structure model, we know 
influencing factors are divided in seven levels, from the 
bottom to the top, the arrow indicates the direct  or 
indirect dependent relationship between the various 
factors. The usefulness in first layer directly depends 
on the ease of use and linkage in second layer, and 
indirectly depends on the factors in third and seventh 
layer. It is the essential factor to measure the 
informat ion service quality of internet disaster 
prevention and mitigation. From the fifth layer to the 
seventh layer, user connectivity, regional matching  
degree, disaster harmfu lness and platform connectivity 
don't depend on other factors, and they are depended 
on by other factors, so they are elementary factors to 
measure the information service quality of internet 
disaster prevention and mitigation.

Fig.2. the hierarchical structure of influence factors about internet disaster prevention and mitigation

B. The analysis of dependent strength
The dependency of factors has some strong or 

weak distinction. If the dependency of factors is strong, 
the extent of influencing the informat ion service 
quality of internet disaster prevention and mit igation is 
stronger and more d irect. The input and output of 
factors can represent the dependent strength between 

factors. So we can use the number of input factors and 
output factors to estimate their strength and weakness. 
The number of input factors refers to the number of 
factors that influencing factor directly  or indirectly  
depends on; The number of output factors refers to the 
number of factors that directly or indirect ly depend on 
influencing factor . By cross analysis of two 
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dimensions of input factors and output factors, we can 
get their partitioning. Through reachable matrix in part  
3, we can obtained the number of input factors and 
output factors, as shown in Table I. Usefulness factor 

depend on it. Its dependent strength is clear. So it is
omitted in cross analysis. The result of cross analysis is 
as shown in Fig.3.

TABLE I
THE NUMBER OF INPUT/OUTPUT FACTORS

influencing factors x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 Number of output factors
x2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1
x3 0 1 0 1 1 0 1 1 0 0 0 0 0 0 5
x4 0 0 1 1 1 0 1 1 0 0 0 0 0 0 5
x5 0 0 0 1 1 0 1 1 0 0 0 0 0 0 4
x6 0 0 0 0 1 0 0 1 0 0 0 0 0 0 2
x7 0 0 0 0 1 1 1 1 0 0 0 0 0 0 4
x8 0 0 0 0 1 0 1 1 0 0 0 0 0 0 3
x9 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1

x10 1 0 0 0 0 0 0 0 1 1 1 0 1 1 6
x11 1 0 0 0 0 0 0 0 1 1 1 0 1 1 6
x12 1 0 0 0 0 0 0 0 1 1 1 0 1 1 6
x13 1 0 0 0 0 0 0 0 1 1 1 1 1 1 7
x14 1 0 0 0 0 0 0 0 1 1 1 0 1 1 6
x15 1 0 0 0 0 0 0 0 1 1 1 0 1 1 6

Number of input factors 7 1 1 3 6 1 5 7 6 6 6 1 6 6

Fig.3. Result of cross analysis
By the cross analysis, the dependent strength of 

factors will be part itioned. The factors with strong 
dependence have a great effect  on the information  
service quality of internet disaster prevention and 
mitigation; the factors with weak dependence are key 
factors of improving the informat ion service quality of 
internet disaster prevention and mitigation. In part I, 
the input quantity of factors is many, the output 
quantity of factors is few, and their dependence is 
strong. In part II, the input quantity and output quantity 

of factors are more. They have strong dependence and 
are easy to interrelate. So the effect on the information  
service quality of internet disaster prevention and 
mitigation is not stable. In part III, the input quantity of 
factors is less, the output quantity of factors is more,
and their dependence is weak. Other factors are 
dependent on them. So they play a key ro le in  the 
informat ion service of internet disaster prevention and 
mitigation.

The dependent strength of factors can be 
quantified. On the basis of similarity thought in 
literature [7], we can measure the similarity o f input 
factor and output factor, the more the similarity, the 
dependence of factors is stronger. For factor , let the 
number o f input factors be , let the number of 
output factors be and let the dependent strength
(similarity) be , then

                (1)
The dependent strength of influencing factors is as 

shown in Table II. The dependent strength of 
usefulness is maximal; it directly determines the 
quality of network informat ion service. The dependent 
strength of factors, such as regional matching degree, 
disaster harmfulness, user connectivity, platform 
connectivity, they are the basic and important factor to 
measure the quality of network information service
[8-10].

TABLE II
THE DEPENDENT STRENGTH OF INFLUENCING FACTORS

Influencing factor X1 X2 X3 X4 X5 X6 X7 X8

Dependent strength 0.938 0.778 0.143 0.143 0.375 0.667 0.167 0.556
Influencing factor X9 X10 X11 X12 X13 X14 X15

Dependent strength 0.778 0.462 0.462 0.462 0.111 0.462 0.462
C. The evaluation method of dependence paths

According to dependence paths, the public 
consumers can evaluate the informat ion service quality 
of internet disaster prevention and mitigation. The 
evaluation of single dependence path (such as 
x3-x5 -x8-x6 -x9-x1 ) reflects the information service 
quality of factors on this path. If the dependent strength
of factors is strong, they are more likely to affect the 
service quality. The synthesis evaluation of all paths 
reflects the overall level of the information quality [11, 
12].

If m represents the number of factors on the path,
( ) represents their dependent strength,
represent the scaling value of factors (the values 

range of from a to b, a represents the minimum 

value and b represents the maximum value), T 
represents the effect of these factors for the 
informat ion service quality of internet dis aster
prevention and mitigation, then

                   (2)
is the standardized dependent strength. The 

dependent strength of factors on different path has the 
different order of magnitude, so it is necessary to 
standardize for them. The processing method of 
Standardization is seen in [7].

T value reflects the information service quality of 
internet disaster prevention and mitigation. If T value is 

conversely, if T value is close to
poor service quality [13, 14].
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D. applied analysis  
Taking "http://www.eqsc.gov.cn/" for example, 

through observing this site and questionnaire, we can  

gather the scaling values of factors, such as Table III.
These scaling values are from 1 to 5, and they 
respectively represent very poor, poor, good and 
excellent [15-17].

TABLE III
THE SCALING VALUES OF INFLUENCING FACTORS

influencing factor X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15

scaling value 4 3 5 4 4 3 3 3 4 4 5 4 3 4 3

If a single path is used to judge the service quality  
of "Sichuan Earthquake Administration", such as 

3 5 8 6 9 1 . The dependent strength 
of factors on this path is expressed as 
[X3,X5,X8,X6,X9,X1], then it is normalized as 
[0.041,0.109,0.161,0.193,0.225,0.271]. By equation (2),
"T" is 3,688, so the service quality of this path lies 
between grade "good" and grade "excellent". If all 
paths are used to judge the service whole quality of this 
website, by the same method, "T" is 3.693. This shows 
that the service quality is above the average in general.

If T value of each path and whole website are 
compared, we can further judge the service quality and 
find out the way to improve the informat ion service 
quality of internet disaster prevention and mitigation.

IV. CONCLUDING REMARKS 

In this article, the influencing factors about the 
informat ion service quality of internet disaster 
prevention and mitigation are constructed from two 
angle of the usefulness and ease of use. Using ISM, the 
hierarchical structure of influence factors is established. 
By this structure, the dependent relation and dependent 
strength between factors are analyzed. Through cross 
analysis, the partitioning of factors and the quantitative 
calculation methods of dependent strength are 
proposed, then the evaluation method of dependence 
paths are put forward. At last, through the application  
analyses, this evaluation method is shown to be 
exercisable and feasible.

Through the dependence path, the informat ion 
service quality of internet disaster prevention and 
mitigation can  be evaluated. If using some factors to 
evaluate, we can know the service level of part  factors; 
if using all factors to evaluate, we can know whole 
service level. According to the service level, we can 
find the reasons of affecting the service quality and 
further improve the informat ion service quality of 
internet disaster prevention and mitigation. In addition, 
according the evaluation results of dependence paths, 
we can compare all walks of life from the horizontal 
and vertical dimensions. This will provide the reference 
for improving the service quality of network 
information.
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Abstract - The lack of a comprehensive retrieval method 
for aircraft fault case knowledge had caused some sharing 
and reusing problems. To deal with this, research about the 
method of knowledge representation and semantic retrieval 
method based on ontology was carried out. Ontology model 
of aircraft fault case knowledge was established according to 
the particularity of aircraft fault domain and the actual 
demand of knowledge sharing and reusing. With Chinese 
segmentation tools and Lucene retrieval tools, three main 
issues in semantic retrieval were solved, namely, fault case 
indexing, semantic extension and ranking mechanism. A new 
semantic similarity calculation method focus on semantic 
distance, hierarchical factor, coincidence of superior and 
subordinate concepts was proposed. The original ranking 
mechanism was modified according to the semantic 
similarity. The prototype system of semantic retrieval was 
developed based on this approach and was used successfully 
to raise the precision and recall values. Results show that 

ements in semantic retrieval were satisfied. 
Keywords - Ontology, semantic extension, semantic 

retrieval  
I. INTRODUCTION 

 The huge increase in the amount and complexity of 
ily 

maintenance and support activities caused an excessive 
demand for tools and techniques that can obtain valuable 
informat ion from huge amount of in formation  accurately 
and efficiently. Current pract ice in informat ion retrieval 
mostly rely on keyword-based search over full-text data, 
however, such a model misses the actual semantic 
information.  
 Ontology [1], proposed for knowledge representation, 
provides a common standard of concept understanding 
and supports the sharing and reusing of knowledge, and 
has become the backbone of semantic information 
retrieval. Currently, the research on ontology-based 
semantic retrieval has made certain achievements: Sonor 
Kara [2] applied the rule-based inference to the football 

field, which improved the performance of retrieval system, 
hui-ying gao [3] put forward the model o f enterprise 
content retrieval, and made it possible to get the implied 
semantic informat ion of user that the keyword-based 
method cannot get. However, when it comes to aircraft 
fault case, such a model loses its power. Combin ing the 
usability of keyword-based retrieval technologies is one 
of the most challenging areas in semantic searching, all 
the efforts towards increasing retrieval perfo rmance user-
friendly will eventually come to the point of improving 
keyword-based semantic technologies. 
 To deal with this issue, ontology model of aircraft 
fault case was established according to the particularity of 
aircraft fault domain. The method of semantic similarity 
computation based on hierarchical structure and logic 
relations of ontology was carried out, and was used 
successfully to make semantic extension for query words. 
The similarity score calculation formula in Lucene was 
also improved on the base of semantic similarity, which 
made the query results become more accurate. The main 
concern in this study was  achieving a h igh semantic 
performance in fault  case domain. The method had been 
proved to have increased the precision and recall values. 

II. FAULT CASE ONTOLOGY DESIGN 
 Fault case knowledge consists of concepts, logic 
relations and restrictions between concepts in the field of 
aircraft fau lt. It is an objective description of fault case 
features and their processes. Basic knowledge 
composition of fault case is  classed in three categories: 

1) Basic information: informat ion source, fault 
location, fault date, plane type, user units, etc. 

2) Description information: fault occur t ime, fault  
position, fault phenomenon, fault effect, etc. 

3) Process information: fau lt discriminat ion, fault  
part, fault mode, fault cause, fault handing, etc. 

Fig.1. Fault case ontology model
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 All these knowledge were combined in strong 
hierarchical and logic relations. A central fault case 
ontology was designed according to this, which was
utilized by nearly every aspect of the model, especially in 
semantic extension. Thus the overall performance of the 
model is highly dependent on its quality. According to the 
definit ion of ontology proposed by Gruber, ontology is a 
clear and formal specification of domain concepts [4], the 
ontology engineering phase was an iterative development 
process. Fault case ontology was finally ended up with 
containing 69 classes, 89 properties and hundreds of 
individuals  [5]. Part of the structure can be seen in Fig.1. 

III. SEMANTIC EXTENSION AND SEMANTIC 
SIMILARITY COMPUTATION

 Semantic extension is one of the most important parts 
of ontology-based semantic applicat ions. It is the process 
of expanding a keyword to two or more relevant words by 
synonym extension, ontology concept extension and 
ontology individual extension. Extending the query words 
semantically makes search results much more 
comprehensive. Obviously, as the extension words cannot 
replace the original words entirely, it is necessary to 
calculate the semantic similarity degree. We proposed 
semantic similarity calcu lation model on the basic of 
synonym extension, concepts extension and individual 
extension. 

A. Synonym Extension 
 There are large numbers of co lloquial expression for 
each terminology, such as abbreviations, nickname, 
idioms, etc

In order to get all the concepts, 
individuals and properties of ontology, Jena tools was 
used to parse the fault case ontology and generate a user 
custom d ictionary [6]. Add synonyms and near-synonyms 
for the words in the dict ionary, and define their similarity. 
Table I g ives an idea about the similarity for d ifferent 
type of relations. 

TABLE I 
SYNONYM TYPES AND SIMILARITY

Relation Type Similarity Description

Synonyms 1.0 Has the same meaning, can replace each 
other

Near-
synonyms

strong
0.9 Can replace each other in most cases

Near-
synonyms

middle
0.8 Can replace each other in some cases

Near-
synonyms

weak
0.6 Can replace each other in few cases

Nickname 1.0 Can replace each other
Abbreviations 0.9 Can replace each other in most cases

B. Ontology Concepts Extension and Similarity 
 Ontology concepts  extension is frequently used in 

requirements. To obtain more comprehensive and 

effective query words, we need to calculate the similarity 
between concepts and take the ones that reach the 
threshold as new query words [7, 8]. 
 Current studies on semantic similarity of ontology 
concepts are carried out in two main categories  [9, 10],
namely, structure-based method and feature-based method 
[11, 12]. Structure-based method is simple and high 
efficiency, unfortunately, this method relies on the 
integrity of the semantic links and semantic coverage, 
which restricts the improvement of accuracy. And the 
feature-based method is required to adjust the parameters 
to balance the proportion [13], resulting in poor generality. 
To make up the shortcomings of them, the model to 
calculate similarity with semantic distance, hierarch ical 
factor and the coincidence of superior and subordinate 
concepts was carried out, which made it more 
comprehensive. 
 When two ontology concepts have common semantic 
features, we define them semantic similar, and use 
sim(A,B) to represent the similarity between concept A
and concept B. The similarity is defined as follows: 

1) The value of sim(A,B) belongs to [0,1], namely  
sim(A,B) [0,1]. 

2) The similarity of two completely similar concepts 
is 1, namely sim(A,B)=1, if and only if A=B. 

3) The similarity of two concepts that have no 
common features is 0, namely sim(A,B)=0. 

4) Similarity is with symmetry, namely sim(A,B)=
sim(B,A).
1) Semantic Distance 
 Semantic d istance refers to the length of the shortest 
path linking two concepts in the ontology diagram [14]

when all the edge length of the diagram is 1. We use 
dis(A,B) to describe the semantic distance of concept A
and B. Generally  speaking, dis(A,B) represents a real 
number belongs to [0, ]. If dis(A,B) , 0sim(A,B) ,
and if 0dis(A,B) , 1sim(A,B) . Moreover, when the 
difference between two groups of semantic distance is 
fixed, the b igger the distance is, the s maller the d ifference 
between their similarities  is, which means the function of 
similarity about semantic distance should be concave. To 
sum up, equation (1) is suitable for calculating similarity. 
For example, as is shown in Fig.2, 1dis(J,G) ,

3dis(J,F) , then we can get 
1e 0 36788dis(J,G)sim(J,G) e . , and 
3e 0 04979dis(J,F)sim(J,F) e .

                     dis(A,B)sim(A,B) e                            (1) 
A

B

J

GFED

C

H I K

Fig.2. Ontology diagram.
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2) Hierarchical Factor 
 In the hierarchy structure of ontology, the concepts 
were classified from coarse to fine, big to s mall, as a 
result, the similarity between concepts which are  at the 
level far from the top level is greater than the ones 
nearer[15], meanwhile, the similarity increase with the 
decrease of level difference between the concepts. In 
other words, semantic similarity of any concepts increase 
along with the increase of the sum of their level, and 
decrease with the increase of their difference. Another 
thing to note is that, similarity should be between 0 and 1. 
Ult imately, equation (2) can exp lain the relation between 
similarity and concept level.  

2 1
level(A) level(B)sim(A,B)

L(| level(A) level(B)| )
           (2) 

level(A) represents the level where concept A is. L
represents the height of ontology. For example, the 
similarity of concept H and E  in Fig.2 should be 

4 3 0 4375
2 1 2 4 4 3 1

level(H) level(E)sim(H,E) .
L(| level(H) level(E)| ) (| | )

. 

3) Coincidence of Superior and Subordinate Concepts 
Coincidence of two  ontology concepts, a percentage, 

is the ratio of their common superior and subordinate 
concepts numbers to all of their superior and subordinate 
concepts numbers. Obviously, s imilarity rises as 
coincidence increase. Considering the concepts with 
certain logic relations have greater similarity, the relat ive 

 and subordinate concepts should 
be taken into consideration when calculating their 
coincidence. Again, take Fig.2 as an example. Concept A,
B, C, D, E, F , H, I, J are all the superior and subordinate 
concepts of B and F, among them, A, B, C , D, E, F are the 
concepts they share, thus, coincidence of B  and F  is 0.667. 
Introduce logarithmic function, and finally we get 
equation (3) as the similarity formula. Thus, the similarity 
of B and F is

n 1 1 0 8 0 58779con(B) con(F)sim(B,F) l ( | |) ln( . ) .
con(B) con(F)

. 

1 con(A) con(B)sim(A,B) ln( | |)
con(A) con(B)

          (3)

con(A) represents the set of all the superior and 
subordinate concepts of A. 
 Synthesize each kind of situation above, the 
comprehensive similarity of ontology concepts comes to 
be equation (4). 

1 2 3sim(A,B) sim (A,B) sim (A,B) sim (A,B)    (4) 

1sim (A,B) , 2sim (A,B) , 3sim (A,B) represent the 
similarity of sematic distance, hierarchical factor and the 
coincidence of superior and subordinate concepts, 
respectively. , ,  are regulatory factors. 

C. Ontology Individuals Extension  
 Ontology individuals extension is the third kind of 
sematic extension, if the query keyword matches any one 
of ontology individuals, then firstly obtain each property 
of the matched indiv idual, and combine them with the 

original keyword as a set of new query word, whose 
similarity with the orig inal word is 1. After that, find the 
concept which the individual belongs to, and make 
semantic extension as the method mentioned in  last 
section. 

IV. SEMANTIC RETRIEVAL MODEL

 For the detail process of semantic retrieval, a
semantic retrieval model based on fault case ontology was 
established, as is shown in Fig.3. We adapt a semantic 
indexing approach based on Lucene indices . The idea is 
extending traditional full-text  index with the extracted and 
inferred knowledge and modifying the ranking 
mechanis m so that the fault case containing overall 
informat ion gets higher rates. The details of the index 
structure and ranking mechanism are given in Section 4.1 
and 4.2 respectively. 

User Input

Keywords
Natural language

Word Segmentation Fault Case 
Ontology 

Knowledge Base

Lexicon

Synonym Expansion

Ontology Matching

Query

Fault Case Base

Index File

Build Index

Individual Extension
Concept Extension
Logic Extension

Ontology Reasoning

Semantic Similarity 
ConputationOrder Results

Fig.3. Semantic retrieval model for fault case

A. Index Structure  
 The structure of semantic index has utmost 
importance in the retrieval performance. We constructed a 
Lucene index such that aims at different kind of fault case 
knowledge. Generally, fault case were stored in database, 
retrieve attribute items can be divided into four types 
according to their d ifferent effect  and different retrieval 
mode:  

1) Constraint condition attribute items: This type do 
not need word segmentation to extract features, we 
mapped them with index files directly, fault part and 
plane type are typical examples. 

2) Content attribute items: This type of knowledge 
need to go through word segmentation, and link the 
features to index files, for instance, fault phenomenon. 

3) Database location attribute items: Location 
informat ion of fau lt case knowledge, a parameter of 
database associate with index files. 

4) Primary key attribute items: With global
uniqueness. Index files are connected with database with 
real-time updates. 
 On the basic of different type of knowledge, we work 
out different mapping methods, they ultimately become 
feature-based indexing. This is especially important if the 
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query is natural narrations. Segmenting the query into 
words, and linking them to features tolerate the 
incomplete query informat ion, thus ensures at least the 
recall values.  

B. Searching and Ranking
 First of all, segment the query word [16]. To ensure the 
accuracy of the segmentation, Jena tools was used to 
parser ontology. At last, all the concepts, individuals and 
properties were parsed out, and added to segmentation 
thesaurus. Then words without real meaning, such as 
prepositions, quantifier, and adject ives, were filtered, then 
a new keywords group was born. Next, determine whether 
each keyword belongs to the ontology, and divide them 
into ontology words and non-ontology words. 
 In traditional key word search, the query word usually 
contains nothing but the word itself, which severely 
restrict the recall ratio  of search results. Since semantic 
extension is a key step of semantic retrieval, we extend 
ontology words and calculate the semantic similarity 
between them, once threshold similarity is reached, the 
words would be taken as new query words. 
 Indexed data usually contain just their raw text 
associated with that data. Lucene can easily handle such 

indices and its default ranking mechanism (5) g ives 
usually good results.  

q represents query word, score(q,d) represents the 
ranking  score of fault  case d, t .d represents a term of q,
and tf(t .d) is the term frequency in each fault case. idf(t)
represents the term frequency in inverted fault case.  
boost(t . field .d)  is the weight value of fault  case field.
lengthNorm(t . field . represents the number of term in 
its field. coord(q,d)  is coordination factor. 
queryNorm(q)  is normalizat ion constant of query words, 
it is the sum of squares of each item. 
 However, the extended words has complex indices, 
and should be handled carefu lly. Considering the 
extension word are associated with the original word in 
semantics, the ranking mechanism of Lucene may not be 
appropriate. For example, if an  extension word  has higher 
frequency, or an original word has too many extensions, 
their effect on  the score may  go over that of others ,
which would make the results far away from authenticity. 
In order to take advantages of our ontology-aided 
similarity, we slightly modified the default querying and 
ranking mechanis m of Lucene. The improved equation (6) 
and (7) is far more suit for semantic retrieval model. 

2
t .q

score(q,d) (tf(t .d) idf(t) boost(t . field .d) lengthNorm(t . field .d)) coord(q,d) queryNorm(q)             (5)

2

score

et .tet .q

(q,d)
(tf(et .d) idf(et) boost(et . field .d) lengthNorm(et . field .d) sim(et,t) w ) coord(q,d) queryNorm(q)

   (6) 

et .t
et .t

sim(et,t)w
sim(et,t)

                                                                             (7)

et represents extension word of t, et .tw is weight of et
in all of t  equation 
(7). 
 After analyzing large number o f fau lt case, we 
concluded that different fault major have d ifferent fau lt 
rate. For example, the fault rate in avionics was much 
bigger than that of armament, which brought more fau lt 
case to avionic than arma ment. Therefore, simply 
calculating the frequency in all fault case is not enough, 
several fields were set on the basic of different major, 
each of which has different weight which depends on their 
fault case number. We called it boost(t.field.d). It means 
that the field with less fault case would  has bigger weight. 
Thus, the search results would rank as their score more 
reasonable. 

V. CONCLUSION 

 In this paper, an ontology-based semantic retrieval 
model and its application to fault domain were 
constructed, which includes ontology construction, fault 
case indexing, semantic extension and semantic score 
ranking. During the application of the model in fau lt case 
domain, we observed that ontology-based semantic 
extension greatly boosts the precision and recall values. 
Moreover, the improved ranking mechanis m further 

improve the performance and allow complex domain-
specific queries to be handled successfully. Having 
observed the success in fau lt case domain, we presume 
that similar performance can be achieved in other 
domains as well by constructing relevant ontology and 
modifying the ranking mechanism for d ifferent domain. 
We also plan to further improve semantic retrieval by 
using information extract ion technology to populate 
ontology. 
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A Convergent Nonlinear Smooth Support Vector Regression Model  

Li-ru TIAN*, Xiao-dan ZHANG 
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Abstract - Research on the non-smooth problems in the 
nonlinear support vector regression. A nonlinear smooth 
support vector regression model is proposed. Using a 
generalized cubic spline function approach the non-smooth 
part in the support vector regression model. The model of 
the nonlinear smooth support vector regression is solved by
BFGS-Armijo. Then, the approximation accuracy and the 
astringency of the generalized cubic spline function to the 

insensitive loss function were analyzed. As a result, we
found the four-order and six times spline 
approximation effect is better than other smooth functions, 
and the nonlinear smooth support vector regression model, 
which be proposed in this paper is convergent.

Keywords - Kernel, nonlinear, spline function, support
vector regression 

I. INTRODUCTION 
Support vector regression (SVR), a support vector 

machine (SVM) [1] for regression, has been widely 
applied to the fields of machinery fau lt diagnostic 
technique, dynamics environmental forecasting, and 
earthquake prediction. Based on VC dimension and 
structural risk minimization, it can solve some practical 
problems such as sparsity, nonlinearity, h igh dimension, 
etc. However, in p ractical applicat ions, the training data 
sets in some important fields, such as telemetry data of
rockets and missiles and data of human experimentation 
of vaccine, are sparse, of small size and contaminated by
noise. This may decrease the generalization ability and the 
prediction accuracy of the algorithm. One way to solve 
this problem is to improve algorithm structure. Recently, 
several new SVM learning algorithms have been proposed 
for more powerfu l generalizat ion ability. Such as
proximal support vector machine(PSVM) [2], least 
squares support vector machine(LSSVM) [3], Primal twin 
support vector regression [4], Least squares twin support 
vector machines [5] and twin support vector 
regression(TSVR) [6] etc.  

In this paper, we propose a new model o f nonlinear 
smooth support vector regression. Generally, s mooth 
support vector machine achieves smooth effect by
approximating the square of insensitive loss function. 
However, in this paper, we propose a new full s mooth 
cubic spline function, it with 4-order differentiab ility, to
approximate the insensitive loss function directly. 

II. THE MODEL OF NONLINEAR SMOOTH 
SUPPORT VECTOR REGRESSION 

Given a train ing set 1{( , )}m
i i iyx  with ( , ) n

i iy R Rx

( 1,2, , )i m . Let 1 2( , , , )T
my y yy . ( 1,2, , )i i mx is

denoted by m nA , 1 2( , , , )T
my y yy is denoted by Y . 

Recording me R as a column  vector components are all 
ones. Mark nR as the weight vector, b R as bias. For 
linear support vector regression machine [7] it, hoping to
find the linear regression function ( ) Tf x x b , makes 
small deviat ion from it with the train ing points. That is, to 
meet the constraint optimization problem 

1( , )
min ( )

. . ( ) , 0
nb

b C
s t b

T 2 T

R
+ e

Y A e
            (1) 

Here 0C is a penalty parameter, is a slack 
variable, which used to reflect  the training points fall on
the parallel insensitive interval. 

For the nonlinear support vector regression machine 
[8], looking for the nonlinear regression function satisfies 
the constraint optimization problem 

1( , )
min ( )

. . ( ( , ) ) , 0
nb

T

b C

s t K b

T 2 T

R
+ e

Y A A e
  (2) 

Here ( , )T
iK x x is a nonlinear kernel [9], ( , )TK A A is

the kernel matrix. In (2) let the slack variable be the 
following form: 

( ( , ) )TK bY A A                         (3) 

Here is the  insensitive loss function [7] 

1 2: ( , ,..., )T
mx x xx  and max 0,i ix x . By

substituting in (2) by (3), then we can have an
unconstrained optimization problem: 

1( , )
min ( ( , ) )

n

T

b
b C K bT 2 T

R
( )+ e Y A A      (4) 

However, ( ( , ) )TK bY A A in model (4) is not 
differentiable. Thus the model (4) is not smooth. In order 
to apply the fast optimization algorithm, we need to
introduce a smooth function to approximate the 
insensitive loss function to make the target model smooth.  
In this paper, to make (4) s mooth, we achieved the 
following model: 

1( , )
min ( ( ( , ) ), )

n

T

b
b C f K b kT 2 T

R
( )+ e Y A A    (5) 

( )f x is a smooth function, which approximates the 
insensitive loss function. 

In literature [2, 10, 11], they solved the model as
follows: 

1

2

( , ) 1
min ( ( , ) )

2n

m
T

i i
b i

Cb y K bT 2

R
( )+ A A    (6) 

All of them, using smooth function approximate 
positive sign functions firstly, then transforming the 
function, in  order to make 2  smooth. The six 
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polynomial function put forward in  the literature  [2] as
follows: 

6 6 4 4 2 2

0

1 ( 5 15 16 5), 1 /( , ) 32
( ) 1 /

k x k x k x kx x kP x k k
x x k

(7) 

The literature [11] put forward using 3-order spline 
function approximate the positive sign function. In 
literature  [12], using the Sigmoid function to approximate 
the positive sign function. The above mentioned practices 
achieve the smooth model, but lead to the order of
functions be too great, the computational be too complex. 
In this paper, to approach  insensitive loss function, 
through the translation transformation of the 4-order six 
times spline function, we obtain the nonlinear smooth 
support vector regression based on the model (5). 

III. PERFORMANCE ANALYSIS OF SPLINE 
SMOOTHING FUNCTION

A. Structure and accuracy analysis of smooth spline 
function 
Definition 1 [13]: Let ( ) be the positive sign function, 
( ) max 0,x x , 1k , 1(0, )y is one point on the y axis. In 

the interval 1 1/ , /k k , 1 0 1/ , , /k k  are nodes of

,S x k . If ,S x k  satisfies: 

(1) 1 0 1 2/ , , , , ,dS k k d m , 1 0/ ,S k k , 

10,S k y ; 

(2) 1 0 2/ , , , ,dS k k d m , 1 1/ ,S k k , 
1 1/ , /S k k k ; 

(3) 0 0 0 0 , 1,2, ,d dS S d m . 

Then ,S x k is called m-order fu ll smooth spline 
function, which approximate ( )x . 
Lemma 1[14]: Let ( ) be the positive sign function, 1k . 

1 0 1/ , , /k k are nodes in the interval 1 1/ , /k k . 
Constructing 4-order six times smooth spline function 

0( , )S x k  approximate ( )x
35 6 3 4 2

2
0

/ 48 5 / 16 5 / 6 1 /
15 /16 / 2 5 / 48( , )

1 /

k x k x k x x k
kx x kS x k

x x k
 (8) 

Theorem 1: Set 0 1 20, 1 1/ , 1/k x k x x k

3 4 51/ 1/x k x x k  are nodes in the 
interval 1 / , 1 /k k , using the generalized Three-
moment method, can construct 4-order six times spline 
function as follows 

0 0, ( , ) ( , )S x k S x k S x k              (9)  
to approach insensitive loss function. Here 0( , )S x k
defined by (8). 
Proof: 

According to the definition of insensitive loss 
function max 0, ( ) ( )x x x x .   

By lemma 1, it is easy to construct the 4-order spline 
function shown by (9) to approach x . 
Lemma 2 [14]: 0( , )x R S x k is defined by (8), then 
(1) 0( , )S x k  meet the 4-order smoothness conditions; 
(2) 0( , ) ( )S x k x . 
Theorem 2 : 0, 1 ( , )k S x k is the s mooth function 
shown by (9). x is the  insensitive loss function, then 
(1) ( , )S x k  satisfies the 4-order smoothness condition in R ; 

(2) ( , )S x k x , x R ; 

(3) ( , ) 5 / 48S x k x k , x R . 
Proof: 
(1), (2) by Lemma 2 can be d irectly gain; (3) when 

1/ 1/x k x k and 1 / 1 /k x k , 
( , ) 0S x k x . Conclusions clearly established. When 

1 / ,x k , 0( , ) ( , )S x k x S x k
5( 5)( 1) / 48k kx k kx k , let ( )a k x , then 

1 0a , Thus 5
0( , ) ( 1) ( 5) / 48S x k a a k

0( , )S x k is monotone increasing, the maximum value is

0(0, ) 5 / 48S k k . when , 1 /x k , 
5

0( , ) ( , ) ( 5)( 1) / 48S x k x S x k x k kx k kx k

in the interval , 1 / k , ( , )S x k x is monotone 
decreasing. The maximum value is still the 

0(0, ) 5 / 48S k k . As the same, in the interval 

1 / , 1 /k k , the maximum value of ( , )S x k x is
5 / 48k . To sum up, we know that, for arbitrary ,x R

( , ) 5 / 48S x k x k . 
Comparison of different smooth function and 

approximate accuracy are shown by the figure and the 
table. Six times spline function are given from (9), six 
times polynomial functions is given in the style of
Theorem 1, 0 0, ( , ) ( , )P x k P x k P x k , where 

0( , )P x k is provided by (7) 

-0.1 -0.05 0 0.05 0.1 0.15
0

0.01

0.02

0.03

0.04

Insensitive loss function

Cubic spline function

Six times spline function

Six times polynomial function

Fig.1. the overall approximation effect of the different smooth functions 
to the insensitive loss function ( 0.1, 20k ) 

From Fig.1, we can see that six times s 
approximation effect is better than other smooth functions. 

B. Convergence analysis of the model 
In this section, to simplify the written cert ificate, we

remember [ , ] , [ ], [ ( , ) ]T Tb A A e K K ex A A
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Theorem 3 : Let ( 1) 1,m n mYA R R , real functions 
( ) :h nx R R , ( , ) : ng k Nx R R  are defined as

follows: 
2

2

1( )
2

h C Tx x e Y Kx            (10) 

2

2
( , ) ( , )g k C S kTx x + e Y Kx        (11) 

( , )S kx is defined by (9), 
(1) Optimization problem min ( )h x  exists optimum 
solution x . Optimization problem min ( , )g kx  exists 
optimum solution kx  and lim ( )k

k
h hx x . 

(2) The optimal solution set of optimization 
problem min ( )h x is hD , then kx  exists a convergent 

subsequence nkx  satisfies lim n

n

k
hx x , here h hx D

Proof: 
(1) Define the appropriate level set 

( ( , )) { | , ( , ) }L g k g knx x x R x and
( ( )) { | , ( ) }L h hnx x x R x . 

( , )S kx x , so that for any 0 , they satisfy 

( ( , )) ( ( ))L g k L hx x 2

2
{ | 2 }x x . Therefore, 

( ( , ))L g kx  and ( ( ))L h x  are compact sets. Then 
optimization problems min ( )h x  and min ( , )g kx  exist 
optimal solutions . Let  min ( ) ( )h hx x , 
min ( , ) ( , )kg k g kx x , for any nRx , by theorem 2, we
know 

1

0 ( ) ( ) ( , )

[ ( , ) ] 5 / 48

T Te Y Kx e Y Kx

Kx Kx
i m

i i i i
i

g ,k h C S k C

C S y k y Cm k

x x

So 0 ( , ) ( ) 5 / 48k kg k h Cm kx x  and 
0 ( ) ( )g ,k hx x 5 / 48Cm k  are established. Besides, 

( ) ( )kh hx x , ( ) ( , )kg ,k g kx x , then 
0 ( ) ( ) ( ) ( )k kh h h hx x x x

( ( , ) ( ) ( , ) ( ) ( ) ( ) ( , )k k k k kg ,k) g k h g k g ,k h h g kx x x x x x x x
5 / 48Cm k . So that we have lim ( )k

k
h hx x . 

(2) For any
2

2
, 1, / 2 ( , ) ( , )k kk Z k g k g kx x x , kx

is bounded, then kx  has a convergent subsequence nkx . 

Set lim nk
hn

x x  then lim ( ) ( ) lim ( )n n

n

k k
hn k

h h h hx x x x . 

Therefore, ,h hx D  that is to say, hx is the optimal 
solution of optimization problems min ( )h x . 

IV. CONCLUSION 

In this paper, we proposed a new model of nonlinear 
smoothing support vector regression. Constructed a four-
order and six t imes spline function. As a result, we found 
the four-order and six times spline s 
approximation effect is better than other smooth functions, 
and the nonlinear smooth support vector regression model, 

which be proposed in this paper is convergent. 
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Abstract - In order to realize the knowledge transaction 
in large research organizations, on the basis of the analysis 
of knowledge resources in large research organizations and
research on related and abroad literatures, knowledge 
resource evaluation index system is established, calculation 
methods of index and weight are introduced, the model of 

three different knowledge transaction modes are illustrated. 
Knowledge pricing process is explained by game theory 
model, the transaction price can be calculated using the 
transaction model. Overall, methods in this paper can 
increase the research capability and competitiveness of 
research organizations.

Keyword - Evaluation, game theory, knowledge 
resource, trade

I. INTRODUCTION

People in large research institutions always use 
black box type way of negotiations in the process of 
knowledge resource deals, because there is not a unified  
standard and trading pattern. At the same time, 
Knowledge is created and innovated in the scientific 
research institutions. In order to promote the circulation 
of knowledge, min ing the greatest value of knowledge, 
improve the promoting effect of knowledge in the 
organization's productivity and creativity, and promote 
formation of the organizational culture of knowledge 
management, I did some research.

Yaoguang Hu and Jingwen Li [1] have did some 
research in internal knowledge resources trading problem 
for scientific research institutions. They classified the 
knowledge resources and construct models to calculate 
the value range of knowledge resources. But in the actual 
transaction process, Buyers and sellers always need to 
bargain and bargain to determine the transaction price. 
Actually, this is a game process. So I analyzed the three 
kinds of knowledge resources transaction type (the 
contract transfer, the auction price transfer and the 
bidding price transfer) combined with the concept and 
principle of game theory.

II. GAME ANALYSIS OF THE CONTRACT 
TRANSFER

The contract transfer is that the deal is completed by
the contract. In view of the game theory, Knowledge 
resources agreement transfer pricing process is a process 
of incomplete informat ion dynamic game: Both sides of 
each other's information  are incomplete. And then they 
test each other in the decision-making process, finally  
equilibrium result (if exist) and form the deal price.

A. Pricing factor analysis
1) Seller factor: The technical value of knowledge, 

the urgent degree of the seller's transfer of intellectual 
resources, license of knowledge resources;

2) Buyer factor: the use value of the knowledge 
resources, the buyer purchase urgent degree of 
knowledge resources, the buyer's patience;

3) Rationality factor: rationality assumption;
4) Competition factor: There is no  cooperative game 

of both sides;
5) The supply and demand factor: Supply and 

demand affect the opportunity cost of both sides [2].
On the basis of buyers and sellers to estimate the 

value of knowledge resources , I focus on the factor of 
seller, and buyer.
B. Game process analysis

Before starting the analysis, we need to pay attention 
to an important hypothesis. That is the buyers and sellers 
of knowledge resources contract transfer is the 
specification in the sense of economic entities and they 
can make the right choice based on a rational man  

l [3]

in the process of one-to-one pricing game analysis. 
Limited by the space, we just discussed the supply push 
transaction (the seller first bid, after the buyer bid) and 
demand-pull type transaction pricing process is similar 
with this. Our model is as follows:
(1) The basic elements of the game
a) Participant: Buyers and sellers of knowledge 

resources. We assume that when i = 1, the variable 
represents the seller and when i = 2, the variable 
represents the buyer.

b) Action: Because bargaining is a continuous process, 
so participant A and participant B will take turns to 
bid. At the beginning, the action of part icipant A is 
offer (Namely that make their own split share X1 and 
participant B get 1-X1); the action of participant B 
have two options. One is accepting the price and the 
game is end; another is reject ing the price, and 
putting forward a new plan. Part icipant A also has a 
choice to choose to accept or reject. This will cycles 
until the price is accepted by both sides.

c)
d) Pay: Pay refers to the level of game part icipant s

expected utility.
In this model, there is bargain cost. Conducting 

more than one round of the game, the income of each side 
will be one more d iscounted. We reflect this discount 
with the discount factor (participant A, 1; participant B,

2(0< <1)). Discount factor also reflects the buyers and 
sellers of urgency for knowledge transfer. The 
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significance of the transaction is that the buyer and seller 
determine the d istribution approach of the total surplus [4]

Bmax
the seller's lowest expectations VSmin). When the game 
ends at t stage, the pay participants obtained is as follow:

Participant A: 1=                  (1)
Participant B: 2=         (2)

If t is an even number, i = 1; odd i = 2.
(2) Limited and indefinitely Game Analysis

According to the foregoing analysis, the expansion 
expression of the game is as shown in the Fig.1:

Participant A

Participant B

X1

Accept Reject, offer X2

Participant A

Accept Reject, offer X1(X1,1-X1)

( 1 X2, 1( 1-X2))

Participant B
.
.
. Participant A 

Accept
Fig.1. Game Tree of transfer agreement

For a limited game, we can use the reverse recursive 
method to solve the sub-game refining Nash equilibrium
[5]. For example, If the game only have two stages, when 
t=2, Part icipant B offers the price and at the same time 
Participant A will accept it. Because Participant A have
no choice to offer a new price. The Part icipant B obtained 
when t=2 is equal to 2 when t=1. So if Part icipant A bids 
(1-x1 2 at t=1, Part icipant B will choose to accept.
Sub-game perfect Nash equilibrium outcome is 
Participant A get x = x1 = 1- 2, participant B get 1-x1 = 2.
The same can  be obtained at any T< -game perfect 
Nash equilibrium. In general, when t is an odd number, a  
person's participation share is even larger than when t is 
even. That is to say: when the game has a deadline, the 
final bidding participants have the advantage.

According to proved Rubinstein, for the indefinite 
game, we can find the sub-game perfect Nash equilibrium 
based on the limited stage reverse recursion [6]. We make 

For the participant A, he can get the smallest share is 
equivalent to the share when t=t-2. There are m = 1- 2
(1- 1m) 

                 (3)
When the largest share is the same with the smallest 

share, the result is a unique equilibrium.
      (4)

When we give different values of (That means 
degrees of patience as well as the urgency of the transfer 
of knowledge resources is changing), we got the 
following conclusions:
a) Fixed 2 when 1 trend into an infinite, X1=1;
b) Fixed 1 when 2 trend into an infinite, X2=1;

Through the above analysis, we can draw that people 

with enough patience and knowledge transfer to the lower 
degree of urgency can always delay the time to obtain the 
highest residual value.
c) When 1= 2<1 X1=1/ 1- >1/2.

Through the above analysis, we can draw that when  
the game is indefinite and buyers and sellers have the 
same degree of patience and urgency of the knowledge 
transfer, the party taking the lead in negotiating pricing 
has first-mover advantage. This reminds us that in 
knowledge transactions distinguishing between demand 
pull and supply push type is meaningful [7].

In summary, the transaction price (P) of knowledge 
resources during transfer agreement process in large 
research institutions is the seller's min imum expectations 

   (5)
Under the "one to one" knowledge resource transfer 

agreement transaction mode, we can draw the trading 
price of knowledge resources according valuation of 

and transfer of urgency, and finally promote knowledge 
exchange

III. GAME ANALYSIS OF AUCTION PRICING 
TRANSFER

Auction pricing transfer is the trading patterns that 
highest price obtained ownership of knowledge through 
public bidding. From the point of view of the game, 
auction pricing transfer is a three-stage incomplete 
informat ion dynamic game: The seller gives the reserve 
price and sets the auction mechanis m; buyer decides 
whether to participate in the auction; bidding.

A. Pricing factor analysis
a) Buyer: Buyer's intended use value brought by the 

knowledge resources;
b) Auction mechanism: Due to the asymmetry of 

informat ion, Signal space which 
private in formation is infin ite [8] and auction 
mechanis m is infinite. So the seller can only make a 
choice in some representative auction mechanism;

c) The number o f part icipants: The number of 
participants in the auction transaction will have some 
impact in price;

d) Buyer's bid: Buyers should consider other buyer's bid 
when bidding.

B. Auction mechanism design
Optimal design of the auction mechanism can be 

seen the process of signal game [9]. Auction mechanism 
design is that the seller must choose among an infinite 
number of signal space and define a configuration 
function whcih determines the transaction object and 
transaction price. It  is almost impossible. Therefore, this 
paper only considers several common auction 
mechanis ms. In general, the mechanism design problems 
include the following:
1) Participants: one seller with private Informat ion and 
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several buyers without private Information;
2) Information: the type set of buyer I ( i, )

and type space ( i i s spatial distribution (F(.));
3) Actions and sequence of actions: The vendor leads 

space (S=XiSi) and configuration  function
(y=( x(.),t(.)), x(.) is decision vector; t(.) is payment 
vector). And then buyers decide whether to 
participate in the auction;

4) Payment: We assume that the utility function is a Von  
neumann Morgenstein type [10] expected utility 
function.
By analyzing the game process of the auction, we 

can build the following model to describe the optimal 
auction mechanism.

        (6)
s.t.

         (7)

     (8)
Constraint one is rational participation constraint. 

Constraint two is buyer's incentive compatibility 
constraint.

According to "revenue equivalence theorem [11]", we
choose the first-price sealed auction for analysis.

C. The first-price sealed auction’s game analysis
The decision function is as follow:

(9)

Transfer Function ti:

(10)

From the game's point of view [12], the first-price 
sealed auction is an incomplete information static game 
between different types of buyer. Game model is as 
follows:
(1) The basic elements of the game
a) Participants: the number of buyer is n. The assessed 

value buyer proposed is VBui (defined in [0,1] 
uniform distribution function);

b) Action: The seller g ives reserve price of knowledge 
resources. Buyer gives quotes (bi, b i=b i(VBUi), bi
[VBmin,VBmax],

c) Payment:

        (11)

(2) Analysis Process of Pricing Game
For the buyer, the first-price sealed auction is a 

symmetric static game [13]. And the buyer just needs to 
consider the symmetric equilib rium bidding strategy 
(b=b* (v)). For the buyer A, when the probability of the 
buyer B's offer less than buyer B's is ,

expected pay is:

(12)
According to the symmetry, , so we can  

get the following result:

                      (13)
So, we can get the optimal model of buyer's bid:

        (14)
Differentiating:

                                          (15)

bidding strategy:
           (16)

Clearly, as n  increases, the buyer's bid approaching 

IV. GAME ANALYSIS OF THE BIDDING PRICE 
TRANSFER

From the game's point of v iew, the bidding price 
transfer is a three-stage incomplete information dynamic 
game: the buyer give bidding information and floor price; 
the seller participate in bidd ing and give price;  buyer 
select the successful bidder.

A. The basic elements of the game
(1) Seller: The value of knowledge resources;
(2) Buyer: Buyer give floor price and assess the seller;
(3) The number of bidding participants: The number of 

participants will have some impact in price;
(4) Seller's bid: Sellers should consider other buyer's 

bid when bidding

B. The bidding price transfer’s game analysis
Game model is as follows:

(1) The basic elements of the game
a) Participants: the number of seller is n. The assessed 

value seller proposed is VSWi (defined in [0,1] 
uniform distribution function);

b) Action: the buyer gives floor price of knowledge 
resources. Seller g ives quotes (PSi =PSi(VSWi), PSi

[PSmin,PSmax], ).
c) Payment:

       (17)

(2) Analysis Process of Pricing Game
For the sellers, the bidding process is a symmetrical 

game static game [14]. What they should consider 
equilibrium bidding  strategies: PSi =PSi (VSWi). The 
probability of winning is as follows:

             (18)
follows:

(19)
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The optimal bid model of bidder is as follows:
    (20)

When n=1, Psi=PSmax. Solve differential:

                   (21)
Obviously, with the increase in the number of tender, 

Bidder's offer must be reduced in order to win.

V. COMPARISON OF THREE TRADING PATTERNS

Finally, we compared the pricing process under 
three trading patterns of knowledge resources. The main  
indicators include [15]: way to trade, scope of application, 
subjectivity, transaction costs, trading rules complexity, 
and evaluation criteria. The result is as Table I:

TABLE I
COMPARISON OF THREE TRADING PATTERNS

content the contract transfer the auction price transfer the bidding price transfer
way to trade One to one One to more One to more
scope of application Medium-value Scarce knowledge resources High-value. Especially apply to determine the research unit
subjectivity medium high low

transaction costs Low preparation costs;
High negotiation costs

High preparation costs;
medium negotiation costs

High preparation costs;
low negotiation costs

trading rules complexity Low High High
evaluation criteria both parties agree The highest bid The lowest bid

VI. CONCLUSION

This paper presents a knowledge resource pricing 
methods for large research institution. We have built 
three kinds of knowledge resources transaction type 
(the contract transfer, the auction price transfer and the 
bidding price transfer). Combined with game theory, 
we finally  established a knowledge resource pricing 
model and facilitate the trading of knowledge 
resources.
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Abstract - At present the information products and 
information services for the consumer object information 
consumption, has gradually become the mainstream of the 
times. In this paper, a UCD based furniture, home 
furnishing, display design, network marketing one-stop 
complete, means of realizing design research methods and 
technology to build information platform for user 
consumption of new consumption patterns and experience 
of home furnishing, furniture industry. 

Keywords - Home-improvement intelligent, 
information consumption, user Experience, UCD  

2012 China's informat ion consumer market has 
reached 1.7trillion Yuan, representing an increase in 29
percent in 2011. IT has been at all level of society to
provide mankind with a  convenient in the era of
experience economy [1-3]. Virtual experience, online  
shopping has become a way of life, and based B2B, 
B2C e-commerce p latforms, to create a more efficient 
experience environment, efficient, convenient, text  
(image) of shopping becoming consume trend [4, 5]. 
Therefore, the three-dimensional simulation of dig ital 
virtual technology and digital media  technology which 
the representative of a new generation of informat ion 
technology, were set up home design digital design and 
market ing platform based on UCD point of v iew and 
has an important practical significance. 

I. AN INTERACTIVE DESIGN AND 
DEVELOPMENT OF THE PRINCIPLES OF

COGNITIVE STRATEGIES 

1) UCD Design Princip les: UCD (User Centered
Design), Refers to the user experience design process-
centric design decisions, Emphasis on user preference 
of design patterns, from the users' needs and feelings of
departure for software design and development. This 
program is for non-professional background of ordinary 
customers, Use of software development processes, 
informat ion architecture, human-computer interaction, 
interaction with concise way, good visual experience 
with the user's habits [6]. 

2) The program is designed, firstly, to build an 
interior design and purchase platform;  second, 
providing the user a good interactive experience in the 
process. Terry R. Schussle who an interaction designer 
noted: Interactive neither animation, nor the video, it is
the user control and event experience. By ergonomics 

with the applicat ion that enhance human cognitive 
rationalizat ion and comfort  in  the use of the process [7-
9]. The following specific development system for 
interactive design elements of analysis: 

A. Psychological behavior 
Interactive form of value system should be user 

during use could properly adapt to fully  mobilize  the 
user cognitive and emotional. Software system can be
established from the emotional perspective of the man-
machine relationship with the user in a more intelligent 
way feedback. 

B. Consumer behavior 
The interactive software system is to improve the 

process of buying furniture and home improvement 
customers design, the need for life behavior of users to
do data analysis, such as: user base composition and 
differentiation, user information query behavior, user 
and social networks, users and information system, user 
satisfaction and user privacy and  so on. Designers need 
to conclusion from the data, to determine the 
interaction of the functionality provided. Construction 
of organic  in formation h ierarchy, through rational 
consumption patterns, to find and explore informat ion 
exchange and circulation order to optimize the audience 
consumer behavior. 

C. Operating behavior 
The software system ergonomics focuses on

human-computer interface design. The operation of
each step, directly facing the user is a GUI interface. 
GUI requires the user to make timely and accurate 
decisions feedback to improve the efficiency and speed 
of the man-machine dialogue; Reduce the cognitive 
load of people, simplify the steps; Formal request from 
the visual interface layout and beautiful, rational and 
efficient use of the display division, which is the basis 
of human-computer interaction. 

II. INTERDISCIPLINARY APPLICATIONS 

The software is interactive design category, 
technology modules including 3D design, interior 
design, interactive experience design, visual 
communicat ion design, data processing and min ing, as
shown in Fig.1.  
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1) 3D design; 2) interactive experience design; 3) 
Computer underlying technology; 4) interior design; 5) 
visual design. 

Fig.1. technology classification 

III. DESIGN FOCUS AND PROCESS 

Build the brand furniture networking and make it
three-dimensional. The system will create massive 
furniture, home improvement database, each furniture  
and decorations have 3D models and display animation, 
you can enrich the print media and two-dimensional 
images, and these data with cross-platform data 
terminal operating system coordinated operation 
characteristics. 

Explore operating a cross-platform terminal 
operating system. Display, design methods to buy,
build furniture  purchase and home design 
synchronization design. The system will purchase 
furniture and design processes unite through to build a 
digital marketing platform. 

Conform to the domestic industry, digital lifestyle 
trend. The application of dig ital means to traditional 
physical industry, through human-computer interaction 
platform to enhance the flow of information users, 
merchants, agents, designers between. The software  
uses a paperless, non-materialized form of graphic  
image display and sales, Hosted by materialistic media  
to digital media, effectively reducing storefront 
Distribution flow, reduce logistics costs and the number 
of sales staff [10].  

IV. KEY TECHNOLOGIES OF INTERACTION 
DESIGN 

A. Systematic cross-platform software design.  
With the development of computer technology, 

user-level operating system mainstream platforms  
Windows, Mac OS desktop systems as the main  
platform, In  IOS, Android, W indows Phone and mobile  
terminals through different browser access. President of
China Electronic Information Industry Development 
Institute Rowan in 2011 in the "direct ion of
development of software and IT services, needs and 
tasks," the report pointed out that inter-terminal 
operating system platforms are becoming the 
commanding heights of the new industrial development. 
Information from the industry to the terminal fusion 
technology integration, network integration, service 
integration evolution, cross-platform terminal operating 
system market share will rapid ly increase, becoming 
the new direction of development, and will determine 
the future ownership of industry dominance. 

The software uses a unified back-end database 
server set up for data exchange and interoperability 
across the terminal operating system plat form, Enhance 
the utilizat ion efficiency of the software  and user 
experience. Between the p latform design based on their 
characteristics in response to the operating platform and 
hardware devices, Use as portable, powerful 
performance desktop computers, web-side rapid spread 
of mobile platforms and other platform features, 
Seamless interoperability across platforms, establishing 
wide adaptation, good user experience across terminal 
operating system. 

B. 3D modeling of batch codes and pipeline design 
"Content is king" is the purpose of the software is

developed to build massive brand furniture 
corresponding 3D model library, determine its market  
application results. Therefore, the establishment of a  
scientific and rigorous three-dimensional model to
build mass production and pipeline design 
specifications of the software development is the key  
issue to be addressed. The software modeling approach 
using direct modeling three-dimensional modeling 
software, the method is simple, accurate, polygon count 
models easy to control, After some of the more 
complex model uses a three-dimensional surface 
scanner, drawn by the second topology. 3D modeling 
of batch method specifications and pipeline  design is
primarily to establish a lightweight three-dimensional 
modeling methods and algorithms and norms, 
development of a use-scale production, with  a common  
technology approach. LOD (Levels of Detail) 
technology and secondary manual optimization, a  
furniture models can be implemented on standard 
hardware platform for the lowest real-time 3D display. 
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C. Adaptive optimization of design data management. 
Home design system can adapt to the customer to

click and buy changes in the environment and 
automatically ad justs its structure and function in the 
process. To physical goods brand furniture 
manufacturers at home and abroad as the basis to
establish one-dimensional simulation model for the 
commodity, establish real than on the database, and the 
establishment of relational database management 
systems, optimizat ion and system management of
massive data. The software chosen SQLite database 
development, it has an embedded, low resource 
occupancy characteristics, and can combine with many 
programming languages, such as C #, PHP, Java, etc., 
to support Windows / Linux / Unix, and so mainstream 
operating system to facilitate data optimizat ion and 
system design structure. 

D. Augmented reality effect of 3D Digital Design 3D
home.  

Realistic three-dimensional visual effects rendered 
interactive systems is a key factor in v isual imaging 
software, the system complete home improvement 
home improvement program to restore the true 
maximum effect. Previous renderings exaggerated 
three-dimensional plane and landscaping, detached 
from reality, virtual reality products after visual effects 
monotonous, lacking a sense of space and a sense of
texture  and weight of furn iture applications, acceptance 
of the audience is not high. Vision offers users the most 
direct reaction, augmented reality effect is directly  
related to the user's reliance on the product and life  
cycle, and the effect is more real, more able to help 
users achieve an ideal home improvement design. 

V. CONCLUSION 

Current design trends are the "creation of high-
tech emotion, Excellent Experience." In the household 
sector across the terminal operating system plat form 
home interactive software system development will 
promote the process of furn iture, build ing materials, 
soft-mounted digital marketing industry, digital design, 
digital life. Make home design to adapt to new market  
demands under the information age, to meet  user 
personalization, customization requirements and 
explore new business strategy. Meanwhile, the 
interactive software is also empirical research on user-
centered design and good interactive experience model. 
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Abstract - Treated wastewater reuse has an important 
significance to solve the water shortage in the West Bank-
Palestine. Based on fuzzy comprehensive evaluation method, 
the water quality of Al-Bireh WWTP is evaluated by 
referring to Chinese water quality evaluation criteria. It can 
help the Palestinians understand the current situation of 
sewage treatment and establish nationally appropriate water 
quality evaluation system.

Keywords - Fuzzy comprehensive evaluation, treated 
wastewater, west bank 

I. INTRODUCTION 

A. Wastewater situation in the West Bank -Palestine 
Water is a major concern in the West Bank (WB) 

Middle East in terms of water resources. Water scarcity is 
mainly attributed to the Israeli control over the majority of 
the Palestinian water resources, as well as the arid and 
semi-arid climate conditions of the region [1]. The 
occupied Palestinian territories (Opt) are divided into 
sixteen Governorates. Eleven of these are located in the 
WB, the others in the Gaza St rip. The Oslo Accords 
divide the Opt into three types of areas, A,B and C. where  
areas A are under Palestinian control, areas B are under 
Palestinian admin istrative control and Israeli security 
control and areas C are under total Israeli control. 

The wastewater sector in Opt has been neglected 
under Israeli occupation since 1967 with most attention 
focused on measures to solve water quantity and supply 
problems. A lack o f wastewater treatment plants, of 
sewerage systems and wastewater collection for recycling, 
leads to the uncontrolled discharge of wastewater into the 
environment. There were insufficient financial resources 
within  the Palestinian community to pay for new 
wastewater collection, disposal and treatment systems  [2].
Israel collected taxes from the Palestinians through the 
Israeli Civil Administration, but they never spent the 
money on infrastructure for the Palestinian communities. 

There are three old t reatment plants in the West Bank, 
namely Ramallah, Jenin, Tulkarm[3,4]. A ll have 
operational difficu lties and are not functioning effectively, 
and some are not functioning at all. Most of these plants 
are overloaded, under-designed or have experienced 
mechanical failures. In addit ion, the fourth plant, Al-Bireh, 
considerable new treatment p lant, was constructed in the 
2000 with support of German Government
dumdums of land. The system is designed to cover a 
population of 50,000 with enough capacity to serve future 
expansion. Daily wastewater flow rate 5000 m3/day. 

B. Palestinian standards of Wastewater Quality 
Wastewater treatment and reuse criteria differ from 

one country to another and even within a given country. 
Some of the main d iscrepancies in the c riteria are, in part, 
due to differences in approaches to public health and 
environmental protection. 

For a long time, Palestine did  not have any specific 
wastewater regulations and references were usually made 
according to the WHO recommendations or to the
standards of neighboring countries (as Egypt, Jordan)  [5].
Recently, the Environmental Quality Authority, in 
coordination with Palestinian min istries and universities, 
has established specific wastewater reuse regulations. The 
draft of the Palestinian legislat ion for reuse of treated 
wastewater is still under study in the Palestinian Standard 
Institute [6]. 

Treated wastewater disposed by the sewage 
treatment p lant is evaluated according to China's "Surface 
Water Quality Standards". The difference in standards is 
concluded between the two countries, contributing to the 
establishment of water quality evaluation system in the 
West Bank-Palestine. 

II. METHODOLOGY 

Fuzzy phenomena is everywhere in the nature, such 
as meteorological phenomena, land cover classification, 
spatial data quality, etc. Treated wastewater quality is also 
fuzzy. One cannot tell good or bad simply. Further, 
treated wastewater quality is affected by several factors 
and every type of factor has different effects on water 
quality [7]. As to this, a fuzzy  comprehensive evaluation 
method is used in t reated wastewater quality assessment. 
The method is a qualitative one and the following is the 
principle procedures of it: 

1) Establishing element set: To find different factors 
in evaluating wasted water quality and put forward factor 
set:

                         (1) 
In (1),  represents the i-th water quality indicator, 

m is the number of water quality indicators. 
According to the Palestinian water environmental 

conditions and China's water quality evaluation, six 
indicators are determined as evaluation elements, which 
are TP, TN, DO, BOD5, CODMn and NH3-N.

    (2) 
2) Establishing grade factor set:

                              (3) 
In (3),  is the assessment grade; n is the number of 

assessment grades. 
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According to China s "Surface Water Quality 
Standards", five assessment grades can be determined[8]: I 
( v1 ), II ( v2 ), III ( v3 ) IV( v4 ) and V ( v5 ): 

                          (4) 
3) Establishing weight coefficient matrix: Weight 

measures the size of the water pollution which  a factor 
affects. The larger the weighting coefficient, the greater 
the impact on water quality .In fuzzy evaluation, every 
evaluation element has different contribution to image 
quality. Thus, the weight coefficient matrix of evaluation 
element is calcu lated according to "excessive mult iples 

[9].
                                     (5) 

In (5),  is a dimensionless number and represents 
the exceeding mult iples of evaluation element compared 
with standard value. is the monitoring value, and  is 
the mean of kinds of water quality standards limit.

Then to be normalized, the weight of each evaluation 
can be calculated: 

                                 (6) 

The weight coefficient matrix is also determined: 
                      (7) 

4) Establishing comprehensive evaluation matrix: 
Due to the extent of water pollution and grading 
standards of water quality are vague, so it is reasonable 
to describe the boundaries with membership 
classification. It is a fuzzy mapping from U to V. 

represents the possibility of i-th water quality 
indicator can be evaluated as class j. The corresponding 
judgment matrix can be attained as follows. 

             (8) 

Membership can be determined through the 
membership function and the membership functions are 
commonly described with a trapezo idal distribution. The 
membership of water quality with each category is 
calculated as follows [10, 11]. 

       (9)

In (9), is the monitoring value, and  is the 
standard value of j-th water quality indicator. 

5) Establishing Fuzzy Comprehensive Evaluation 
model: After determining the fuzzy evaluation matrix R 

and weight coefficient matrix W, fuzzy  comprehensive 
evaluation model is also determined. 

(10) 

  
B is a fuzzy vector which not only represents all 

degree of membership of every grade. Water levels should 
be evaluated for the class j, if . 

III. APPLICATION&RESULTS 

The Al-Bireh reuse demonstration project conducted 
the different aspects of reclaimed water use in irrigation 
by developing a set of different effluent polishing and 
irrigation techniques on crops. The primary goals of the 
project were to build the in itial institutional relationships, 
raise the profile o f wastewater reuse and compost use, and 
to develop the first stage of on-the-ground experience and 
capacity, in the field of wastewater reuse. 

Based on the above fuzzy comprehensive evaluation 
model, the water quality of Al-Bireh  WWTP is evaluated. 
The values of water quality indicators in  Al-Bireh  WWTP 
from June to November 2013 are shown in Table I. 

TABLE I 
ANNIVERSARY MONITORING VALUES OF WATER QUALITY 

FACTORS IN AL-BIREH WWTP 
Index TP TN DO BOD5 CODMn NH3-N

201306 0.037 1.124 4.16 2.76 1.04 0.087
201307 0.026 0.916 5.23 1.92 0.94 0.064
201308 0.024 1.295 8.53 1.65 0.77 0.169
201309 0.052 1.432 6.56 3.41 1.36 0.213
201310 0.050 1.355 6.02 4.72 1.41 0.146
201311 0.046 1.116 5.14 1.88 1.59 0.073

The values of the indicators used are the limit  of 
qualities of the surface water environments in China. 
They are shown in Table II.  

TABLE II
NATIONAL STANDARD OF QUALITIES OF THE SURFACE 

WATER ENVIRONMENTS 
Index TP TN DO BOD5 CODMn NH3-N

I 0.01 0.2 7.5 3 2 0.15
II 0.025 0.5 6.0 3 4 0.5
III 0.05 1.0 5.0 4 6 1.0
IV 0.1 1.5 3.0 6 10 1.5
V 0.2 2.0 2.0 10 15 2.0

According to the preceding formula, take the 
measurement data in June 2013 for example and weight 
coefficient for each evaluation factor is calculated. 

The comprehensive evaluation matrix in June 2013 is 
as follows. 
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Based on the evaluation of the weight distribution W 
as well as the fuzzy  evaluation matrix R, we can get the 
comprehensive evaluation result of the quality of the 
wasted water in June 2013.

The degree of membership of grade III is 0.338, 
which is the largest among five categories of water quality. 
Thus water levels in June 2013 should be classified as III.  

Fuzzy comprehensive evaluation results of water 
quality of Al-Bireh WWTP from June to November 2013 
are shown in Table III. 

TABLE III
RESILT OF FUZZY COMPREHENSIVE EVALUATION 

Time I II III IV V Result
201306 0.166 0.150 0.338 0.276 0.000 III
201307 0.128 0.230 0.305 0.000 0.000 III
201308 0.459 0.079 0.315 0.315 0.000 I
201309 0.311 0.311 0.306 0.306 0.000 III
201310 0.043 0.286 0.290 0.291 0.000 IV
201311 0.106 0.160 0.321 0.232 0.000 III

In summary, the results of water quality evaluation 
of Al- Bireh WWTP can be classified as grade III, just as 
shown in Table IV. 

TABLE IV
RESULTS OF WATER QUALITIES EVALUATION OF AL-BIREH 

WWTP 
Time 2013

06
2013
07

2013
08

2013
09

2013
10

2013
11

Mean

III III I III IV III III

IV. DISCUSSION 

In considering the weight index of evaluation 
element, the accuracy of model has been in restrictions to 
a certain extent, since the objective calculat ion of weight 
has been solve in the present. 

V. CONCLUSION 

Based on China's water quality assessment standards, 
take use of fuzzy comprehensive evaluation model to 
assess water environmental quality and describe the water 
quality classificat ion. It can reflect the water quality under 
a variety o f factors working together and solve the 
ambiguity of water environment evaluation, which may 
have great significance for West Bank-Palestine. 
Although the water quality of Al-Bireh WWTP reach 
Grade III, it still need to strive to improve the  sewage 
disposal technology, improve the processing of water 
quality, and expand the scale of sewage treatment ,in 
response to the growing demand for water in  Palestinian 
territories. 
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Abstract - In the modern manufacturing industry,
environmental considerations are part of numerous phases 
of production. Inappropriate production lot-size 
determination can generate substantial scrapped overdue 
stocks and idle processing, which lead to serious 
environmental burdens. In this paper, Material flow cost 
accounting (MFCA), an environmental management 
accounting method, is adopted to reduce the amount of 
wastes that result from large overstocks and other wastes 
caused by current production lot-size determination are 
traced. For comparison with the conventional cost 
accounting used in the original simulation model, MFCA can 
identify negative products  cost related to environmental 
impacts hidden in the production processes. Moreover, it is 
demonstrated that the proposed procedure of application of 
simulation with MFCA can also perform a dynamic analysis 
and a static analysis. 

Keywords - Environmental management, material flow 
cost accounting, production lot-size, simulation 

I. INTRODUCTION 

 In the modern advanced manufacturing industry, the 
idea of green production has become increasingly 
important as part of sustainable development. It reflects a 
new production paradigm that employs various green 
strategies and techniques to achieve greater eco-efficiency. 
In green production systems, achieving zero  emissions 
and reducing the environmental burden from production 
activities are thus important worldwide [1, 2]. 
 In a multi-variety and small-batch production system, 
it is recognized that an appropriate determination of 
production lot-size fo r different part types in different 
production stages is a complex problem [3, 4]. This 
complexity can easily lead to serious environmental 
problems with limited production resources. Because of 
inaccurate determinations, overstocks of unnecessary 
materials and intermediate products are often produced, 
causing huge material waste, id le energy consumption and 
stock scraps, which  create substantial environmental 
burden [5]. Therefore, analyzing and determin ing an 
appropriate production lot-size to achieve both economic 
and environmental effect iveness are an important issue in 
the production research field that urgently needs to be 
solved. 
 In this paper, Material Flow Cost Accounting (MFCA) 
is adopted, among several environmental management 

accounting tools, and has received considerable attention 
for its effectiveness in improv ing both productivity and 
the harmony of environmental profitability [6]. Moreover, 
the MFCA standard has been granted ISO 14051 by the 
ISO secretariat to evaluate the environmental perfo rmance 
of the target production processes  [7]. Consequently, in 
this paper, MFCA is introduced to study the 
environmental impacts of production lot-size 
determination through structuring simulation models in a 
multi-variety and small-batch production system. W ithin 
the MFCA framework, costs are calculated for not only 
good products but also non-product outputs or material 

the cost of producing non-product outputs or material 
losses and thus highlights areas of potential improvement 
[8, 9]. 
 Although MFCA is powerful as an environmental 
management tool, it can perform only static analysis. 
Hence, this paper proposes that dynamic analysis as well 
as static analysis can be performed by constructing 
simulation models for the designated manufacturing 
systems and performing simulat ion analysis in  terms of 
MFCA. A Real example is introduced for a forging 
manufacturing system which involves seven processes. 

II. MFCA APPROACH REVIEW 

 Fig.1 shows the concept of MFCA. It is also a 
management informat ion system that traces all input 
materials flowing through production processes  and 
measures output in finished products and waste. In a 
processing-type production system, waste is generated in 
various steps of the production process. In particular, in 
the process of stocking and production, waste is
substantially produced because materials and intermediate 
products that are overstocked as inventory may deteriorate 
in quality or be scrapped. Additionally, while materials or
intermediate products are processed, residues or shavings 
may be generated. All of the wastes mentioned above are 

s to environmental 
burden [9, 10]. In MFCA, the idle processing, unnecessary 
energy and auxiliary material consumption caused during 

s
and treated as environmental costs. 
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Fig.1. The concept of MFCA [11]
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Fig.2. Logical structure of production line for part types M1 and M2
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Fig.3. Relative statistical data on multiple part types from the current production 

III. CASE STUDY 

A. Multi-Variety and Small-Batch Production System 

This paper considers a case of a certain multi-variety 
and small-batch production system, which is located in a 
precision component manufacturing workshop of a 
Japanese company. Fig.2 shows the logical structure of 
the current production line for part  types M1 and M2. This 
production line mainly comprises seven workstations. To
fulfill the requirements of part type diversification and 
rapid responses to market needs, different small 
production lot-sizes for M1 and M2 are used for each 
workstation and are denoted Mx-PLy. 

To satisfy diverse demands from d ifferent customers, 
hundreds of part types are produced, and corresponding 
production lines are designed. As Fig.3 (a) shows, the part 
types are div ided into tens of groups because of changes 
in market needs. Parts in groups A, B and C have a large 

production quantity and lower demand  variab ility 
compared to the other groups. The economic benefit and 
productivity of these part types is crucial to the entire 
system. Fig.3 (b) shows that parts in group A account for 
over 75% of production quantity and 80% of profits. 
Consequently, in this paper, part types M1 and M2,
composing group A, are selected as the research object. 

B. Simulation Model Construction 

Based on the characteristics and structure of the real 
production system, an orig inal simulation model is 
constructed to analyze the current production problems,
called the AS-IS model. The AS-IS model facilitates 
introducing MFCA to the production system to identify 
hidden environmental prob lems effect ively over a long 
running time. This study uses the Arena simulation 
platform [12] to develop this AS-IS model comprising four 
parts, as shown in Fig.4. 
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Fig.4. AS-IS simulation model 
Percentage

Production Lot-size 
Unit/Quantity

M1

M2

0.3422 0.3432 0.3436 0.3447

0.3064 0.3070 0.3059 0.3061

The Lowest Value

Fig.5. Negative products cost percentage of a unit part by regulating production lot -size 

C. Simulation Analysis Using the Concept of MFCA 

 A reasonable production lot-size determination is 
crucial fo r production management. The study of 
production lot-size determination has thus received 
considerable attention from researchers recently. Azaron 
et al. developed a stochastic dynamic optimal 
programming algorithm for obtaining dynamic economic 
lot-size [13]. Nirmal and Tapan used multi-object ive 
geometric programming to develop a mult i-item fin ite 
production lot-size model [14]. Kämpf and Köchel used 
simulation optimization with a genetic algorithm as an 
optimizer to identify the optimal production lot-size [15].
However, these studies focused on obtaining an optimal 
algorithm for determining production lot-size, seldom 
considering the aspects of environmental performance. 
 Different production lot-size will produce different 
WIP inventory levels for different production stages. 
Hence, in this paper, a  dynamic sensitivity analysis is 
used to analyze the changes in the negative products cost 
as a result of regulating the production lot-size.
Additionally, in this case study, the production lot-size for 
the Cutting and Heat-Treating stations is set as a fixed 
value due to the current production schedule and 

technological design. The production lot-size for the other 
stations can be regulated by running several different 
simulation scenarios. To reduce the reciprocal effects, the 
production lot-size of M1 and M2 in each workstation is 
regulated to the same value. 
 Negative products cost percentage of a unit part by 
regulating production lot-size is shown in Fig. 5. From 
Fig.5, for the total cost, the negative products cost 
percentage of the unit part is changed in a cyclical manner 
with changing production lot-size. For the unit part, the 
Negative products cost percentage changes along a 
declining curve. In  one respect, this situation obeys the 
mass production mode that increasing the production lot-
size generally  reduces costs. The following are 
environmental considerations. First, through simulation 
monitoring and tracing with the MFCA method, the 
remain ing overstock in inventory and the unusable idle 
processing corresponding to each production lot-size 
point are identified. Second, inapposite production lot-
size generates substantial scrap and waste, thereby 
increasing the negative products and the environmental 
costs that are invisible during the production process and 
are easily overlooked by the conventional cost accounting 
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Fig.6. MFCA flowchart including calculation data (M2-Lot Size=12) (Unit/JPY ) 

Fig.7. Cost results of unit part by comparing the AS-IS model and the AS-IS-NC model 

method. Third, corresponding to the parts quantity 
distribution for the current order demand of each part type, 
there exists a relative appropriate production lot-size with 
the lowest negative products cost. Fourth, large increasing 
negative environmental costs will be reduced by 
increasing production lot size by, for example, using mass 
production mode. Final, in  the real p roduction system, the 
similar change curve for different part types in different 
processes will be changed because of various real random 
production factors, and the corresponding value will 
increase or decrease. 
 Furthermore, Fig.5 shows that the lowest or highest 
average negative cost value for d ifferent part types has a 
corresponding production lot size. To unders tand the 
concept of MFCA and apply calculation processes, an 
example is developed. Part M2 is selected, and an extreme 
value situation (i.e., production lot sizes  of 12) are 
considered, as shown in Fig.6. Based on the MFCA, the 
abandonment of the dead WIP stocks, unusable materials 
and idle processing are reflected as the generation of 
negative products cost in terms of monetary units, which 
are invisible during production. However, from these 

MFCA flowcharts, the actual wastes and negative product 
costs generated during the production process are 
identified and clearly understood. 
 The AS-IS model is reconstructed to introduce the 
concept of MFCA by embedding a Monitor submodel, 
called the AS-IS-NC Model. All production operations 
are monitored, and all material flows are traced by this 
submodel. The final results of the AS-IS-NC simulation 
model are compared with those of the AS-IS model for 
two part types in Fig.7. Using MFCA can reveal invisible 
costs in the production processes; in particular, the 
negative products cost referring to environmental impacts 
becomes visible. For each unit part in the AS-IS-NC 
model, the negative products cost of M1 constitutes 
36.65% of the total cost, and the negative products cost of 
M2 constitutes 30.64% of the total cost. Because the 
negative products cost is invalid for this production case, 
these high percentages indicate that the determination 
strategy for the production lot-size must be analyzed and 
improved to reduce the environmental burden by 
maintaining a low WIP inventory level. 

2240.19

2717.67

411.87

1318.17

971.21
82.96

1000

TNC-P(2)=

2000

3000

4000

5000

6000

7000

8000

500

1500

2500

3500

4500

5500

6500

7500

0

Materials Cost
Process Cost

M1

2009.77

1989.43

TC(1)=3999.20

3658.36

4083.71

M2
TC(1)=7742.07

 Conventional Cost Accounting

AS-IS Simulation Model 

MC

SC

EC

1129.61

1251.24

152.77
778.16

669.23
18.19

M1
TC(1)=3999.20

M2
TC(1)=7742.07

AS-IS-NC Simulation Model 

Positive
Products Cost

MC

SC

EC Negative
Products Cost

MFCA

36.65%

TNC-P(2)=30.64%

Notes: (2): TNC-P = Negative Products Cost / Total Cost(1): TC = Total Cost

226 R. Zhao et al.



 After comparing the AS-IS-NC model and the AS-IS 
model, large negative products costs and environmental 
costs caused by the current production lot-size 
determination policy are identified. Running several 
different simulat ion scenarios yields a simulation analysis 
to analyze the changes in the negative products cost 
resulting from the regulation of the production lot-size. 
After observing the characteristics of change curves while 
gradually regulating the production lot-size, the declining 
change trend in negative products cost provides 
production managers with effective and strategic 
knowledge for determining appropriate production lot-
size to maintain a low WIP inventory level and for 
considering both economic and environmental benefits. 

IV. CONCLUSIONS 

 Using the concept of MFCA, a simulation analysis is 
performed to reduce the amount of wastes resulting from 
manufacturing activit ies. Within the framework of 
Material Flow Cost Analysis, costs are calculated for not 
only good products but also non-product outputs or 

certain multi-variety and small-batch production system 
in a precision  component manufacturing workshop of a 
Japanese company is presented. A simulation-based 
MFCA approach is adopted to study the environmental 
impacts of production lot-size determination for a mult i-
variety and small-batch production system in an actual 
forging factory. By applying the p roposed approach, 
significant invisible wastes caused by inaccurate 
determinations of production lot-size are identified. It is 
demonstrated that the proposed procedure of application 
of simulat ion in terms of MFCA can also perform a 
dynamic simulation analysis along with a static analysis 
performed by using MFCA to increase production 
efficiency. 

ACKNOWLEDGMENT 

 The authors wish to express their sincere gratitude to 
Mr. Y. Watanabe of Metal Worker Toa & Arai Company, 
Ltd. and Mr. Y. Murata of Fu jita  Health University for 
their cooperation in this research. Special thanks should 
be given to Prof. K. Kokubu of Kobe University for his 
suggestion on MFCA. This research was supported by the 
Grant-in-Aid of the Japan Society for the Promotion of 
Science (JSPS). 

REFERENCES 

[1] M. D. Ahmed,
, Journal of Cleaner Production,  Vol. 19, 

No. 14, pp. 1553-1559, 2011.
[2] -based environmental cost analysis for Work-

In- International Journal of Simulation 
Modelling, Vol. 11, No. 4, pp. 211-224, 2012.

[3] A. Azaron, O. Tang, and R. M. Tavakkoli,
Sizing Problem with Continuous-time Markovian 

, International Journal of Production 
Economics, Vol. 120, No. 2, pp. 607-612, 2009.

[4] R. Zhao, -based impacts on environment costs 
Proceedings of 

International Conference Sustainable Manufacturing and 
Environmental Management, pp.107-116, 2012. 

[5] R. Zhao, H. Ichimura, and S. Takakuwa, -based 
simulation analysis for production lot-size determination 
in a multi-variety and small-batch p In
Proceedings of the 2013 Winter Simulation Conference,  
Edited by Pasupathy, R., Kim, S.-H., Tolk, A., Hill, R., 
and Kuhl, M. E., Piscataway, New Jersey: Institute of 
Electrical and Electronics Engineers, Inc, 2013.

[6] M. ion of Material Flow Cost 
Accounting (MFCA): Characteristics on Development of 
MFCA Companies and Significance of Relevance of 

, Kansai University of Business and Commerce, pp. 
27-46, 2009. 

[7] Environmental Industries Office, Industrial Science and 
Technology Policy and Environment Bureau, Ministry of 

, Japan, 2010, 
http://www.jmac.co.jp/mfca/thinking/data/MFCA_Case_e
xample_e.pdf.

[8] K. Kokubu, Material Flow Cost Accounting (In Japanese),
Tokyo: Japan Environmental Management Association for 
Industry, 2008.  

[9] K. Kokubu and H. Tachikawa,
, In Manufacturing and 

Environmental Management, Edited by S. Takakuwa, 
National Political Publishing House, 2012, Hanoi, pp. 265-
283.

[10] X. Tang, and S. Takakuwa, -based Simulation 
Analysis for Environment-oriented SCM Optimization 
Conducted by SMEs. Proceedings of the 2012 Winter  
Simulation Conference, Edited by C. Laroque, J. 
Himmelspach, R. Pasupathy, O. Rose, and A.M. 
Uhrmacher. Piscataway, New Jersey: Institute of Electrical 
and Electronics Engineers, Inc, 2012. 

[11] Environmental Industries Office, Industrial Science and 
Technology Policy and Environment Bureau, Ministry of 
Economy, Trade and Industry, Japan, 

, 2007 (a),
http://www.meti.go.jp/policy/eco_business/pdf/mfca%20g
uide20070822.pdf.

[12] W. D. Kelton, R. P. Sadowski and N. B. Swets, Simulation 
with ARENA, 5thed, McGraw-Hill, Inc., New York, 2010. 

[13] A. Azaron, O. Tang and R. M. Tavakkoli, Dynamic Lot 
Sizing Problem with Continuous-time Markovian 
Production Cost , International Journal of Production 
Economics, Vol. 120, No. 2, pp. 607-612, 2009. 

[14] K. M. Nirmal and K. R. Tapan, Multi-item Imperfect 
Production Lot Size Model with Hybrid Number Cost 
Parameters , Applied Mathematics and Computation, Vol. 
182, No. 2, pp. 1219-1230, 2006.

[15] M. Kämpf and P. Köchel, Simulation-based Sequencing 
and Lot Size Optimization for A Production-and-Inventory 
System with Multiple Items , International Journal of 
Production Economics, Vo. 104, No. 1, pp. 191-200, 2006. 

Simulation-Based Environmental Analysis for Production Lot-Size Determination in Terms of Material Flow Cost Accounting 227



Fault Tree Analysis on Boiler Water Shortage Accidents Based on Safety 
Ergonomic Theories

Yu-bin Ai, Xue-dong Liang*, Zhao-xia Guo
Business School, Sichuan University, P. R. China, 610064

(liangxuedong@scu.edu.cn) 

Abstract - The paper proposes the fault tree analysis 
method based on safety ergonomic theories in line with the
actual conditions of serious consequences such as production 
interruption and personal injury caused by boiler water 
shortage accidents due to human errors . In this method, 
firstly, the analysis is carried out on the accidents by means 
of safety ergonomic theories, with the focus on human 
hidden dangers in the accidents, so as to put forward the 
human factors causing the accidents. Secondly, analogy 

analysis is carried out on the accidents by means of historic 
information and data, so as to put forward the non-human 
factors such as equipment failure and design defects in the 
accidents. Thirdly, deductive reasoning is carried out for 
relevant factors by means of fault tree analysis method, so as 
to conduct qualitative analysis on them by constructing fault 
tree model, thus further confirming the cause logic among 
the factors and the rank of structure importance. Finally, 
the paper proposes the key measures for preventing and 
controlling such accidents, and also puts forward 3E 
countermeasures . Analysis is carried out on boiler water 
shortage accidents by this method. The results show that 
human factors, failing to install alarm and protection device 
or their failure are the key factors causing boiler water 
shortage accidents, which provides references and basis for 
the prevention work for such accidents in future.

Keywords - Boiler water shortage, fault tree analysis 
method, human factor, safety ergonomics

I. INTRODUCTION

Boiler water shortage accidents is  one of the 
common forms of major boiler accidents. It accounts for 
approximate 70% of boiler accidents according to 
statistical data [1]. There were 2710 boiler explosion 
accidents due to water shortage during the period from 
1976 to 1987, which caused 1532 deaths and injuries to 
5754 persons, bringing serious damage fo r social 
economy and personal safety [2].

Currently, the hidden dangers of humans are often 
ignored in the analysis on boiler water shortage accidents
by frequently-used fault tree analysis methods, which 
lacks of effect ive analysis on human factors in boiler 
system. This will result in the deviation between the 
analysis results and real conditions in real applicat ion, 
which will reduce the credib ility and reliability of the 
results, thus making it d ifficult  to meet the requirement of 
accident analysis.   

Therefore, th is paper puts forward the fau lt tree 
analysis method based on safety ergonomic theories, and 
applies it to boiler water shortage accidents. Another
factor - human factor which may cause the accidents is 
highlighted in th is method. Firstly, the paper analyzes and 

proposes the human factors causing boiler water shortage 
accidents by means of safety ergonomic theories on the
basis of analogy analysis on the non-human factors
such as the mechanical failure and design defect of the 
boiler system. Secondly, it analyzes and confirms the 
logical relationships among the factors and their influence 
degrees by means of fault t ree analysis and based on the
immediate causes and latent factors. Finally, it proposes 
the key measures for preventing and controlling such 
accidents, and also proposes corresponding 3E
improvement countermeasures for reducing human 
hidden dangers. This method not only increases the
accuracy and credibility of analysis on accidents, but also 
provides theoretical basis for analysis and prevention for 
such accidents in future, which has important engineering 
significance for the safe and stable operation of boiler 
system.

II. ANALYSIS ON MAN-MACHINE HIDDEN 
DANGERS IN BOILER WATER SHORTAGE 

ACCIDENTS 

Analysis on various accident cases of man-machine 
system shows that human factors are often the key link 

machines and environment  may cause major accidents 
and result in severe consequences. Therefore, this paper 
emphasizes on analyzing and researching on the human 
factors in boiler water shortage accidents based on safety 
ergonomic theories and methods and in line with the 
operating features of boiler system, which  aims  at 
eliminating the human hidden dangers affecting the safe 
and stable operation of the system, and ensuring the safe 
and high-efficient operation of the system by improving 
human safety and reliab ility. This paper summarizes and 
confirms the main h idden dangers existing in the system 
by means of observation method, survey study method 
and analysis method etc. and in line with the habits and 
preferences of the operators in  operation. The main 
hidden dangers include: ineffective safety management, 
imperfect systems and regulations, insufficient education 
and training, unreasonable design of man-machine 
interface [3].

(1) Ineffective safety management. Analysis on 
previous accident investigation reports indicates that the 
ineffective supervision and misprision of the supervisors 
constitute the latent factors which cause the accidents to a 
certain extent. Some supervisors on duty fail to perform 
their duties or fail to report the problems  found during
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inspection in a timely manner, as a result, the dangers
enlarge and finally evolve into major accidents , which 
brings serious damage to economy, society and personal 
safety. In boiler man-machine system, in case of failure of 
feed water system and leakage of blowdown when the 
firemen skive off work or fall sleep at work, but the 
supervisors with slack supervision fail to d iscover or fail 
to dispose in time after discovering, which will cause 
serious water shortage accidents. 

(2) Imperfect systems and regulations. In production 
practice, the operators should strictly fo llow the uniform 
operation specifications. However, the flaws in the 
specifications are prone to causing misoperation or 
misjudgment of relevant operators, thus bringing bad 
consequences. During boiler operation, if the firemen 

wrong or incomplete procedures, it will be prone to 
resulting in their inaccurate judgment on water shortage
status; they may mistake severe water shortage for 
slightly water shortage and continue to add water to the 
overheated boiler, thus causing major boiler explosion 
accidents.  

(3) Insufficient education and training. The 
self-qualit ies of the operators include professional skills 
level, psychological and physical qualities etc. The
differences in  the self-qualities will have an important 
influence on the accidents. Seen from the analysis on 
relevant accident cases, many major accidents have 

misjudgment due to their nonstandard technological level 
as well as their improper disposal of the accidents due to 
their nervousness and panic
poor safety awareness and insufficient conscientiousness 
are also one of the latent factors causing the accidents. In 
boiler man-machine system, the firemen who lack of 
safety awareness may forget to close blowdown valve or 
fail to inspect it, depart from work or fall sleep at  work, 

to the tragedies. Meanwhile, the operators may have 

results and conduct wrong follow-up operations due to 
their limited individual knowledge and skills level, which 
will also cause severe boiler water shortage accidents.   

(4) Unreasonable design of man-machine interface.
Man-machine interface is the medium for information 
communicat ion, execution and control as well as 
cooperative work between man and the equipment in
man-machine system; it includes display device, control 
device and alarm. The operators can acquire the status 
informat ion of the system via displayer or d isplay screen 
to make decisions as well as control and operate. In case 

physical and physiological features, or there are design 
defects in the interface equipment, relevant personnel 
may  fail to acquire the information, which  may lead to 
wrong decision-making and operations. In the 
man-machine system of boiler, firstly, the inaccurate 
installation position of traditional bubble type water level 
gauge and the careless closing of steam and water cock 

will form false water level, which will affect the judgment 
of fireman supervisors. Secondly, the improper setting 
position of the water level gauge, unclear display of 
displayer, low sensitivity, tedious readings, complicated 
operation for instrumentation etc. will result in the wrong 
judgment and operation failure of operators. At last, if the 
alarm and protection devices are absent in the system, 
water shortage accidents will happen. 

III. ANALYSIS ON MECHANICAL EQUIPMENT IN 
BOILER WATER SHORTAGE ACCIDENTS

Boiler system realizes safe, stable and high-efficient 
operation through man-machine coordination and 
interworking. Deviat ion in either party in the system will 
break the balance of the system, thus affecting the normal 
work and operation of the system. Normal operation of 
the feed water system of boiler can ensure fast water feed 

operation, it can also automatically regulate the water 
storage in steam pocket (boiler barrel) to maintain it 
above the safe water level. Analysis on relevant accident 
investigation reports shows that leakage of feed line, line 
clogging, failu re of feed  water pump and automat ic feed 
water system etc. are the main  causes for unstable and 
insufficient water feeding of the feed water system. If 
failing  to troubleshoot in a t imely manner, it  will finally 
cause water shortage accidents. During the normal 
operation of the steam and water circulating system, the 
water will flow through such pipes as economizer, 
downcomer, water cooling wall, superheater and reheater 
successively, so as to generate high temperature and high 
pressure steam to provide power for steam turbine etc. 
Analysis on relevant accident investigation reports shows 
that the bursting of pipes due to the quality defect, being 
thinner by corrosion and clogging etc. will cause steam 
and water leakage of the boiler, which  will affect the 
normal operation of the steam boiler, and even cause 
water shortage accidents.

IV. CONSTRUCTION AND ANALYSIS ON FAULT 
TREE OF BOILER WATER SHORTAGE ACCIDENTS

A. Confirming elementary events through analysis

Through the above-mentioned analysis, and based 
on water shortage accident investigation reports and 
related literatures, the set of elementary events for water 
shortage accidents is summarized and drawn as shown in 
Table I [4].

B. Constructing fault tree model

The logical relationships among the influencing 
factors are confirmed through analysis by means of
deductive reasoning method [5]. Based on the principle of 
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+Y = (X)= X0X1X2(X3+ X4+ + X12)(X13+ X14+ X21)
= X0X1X2X3X13+ + X0X1X2X3X21
+X0X1X2X4X13+ + X0X1X2X4X21

+X0X1X2X12X13+ + X0X1X2X12X21

+ X12)(X13+ X14+ X21)+
+ X0X1

+ X0X1

+ X0X1

fault tree construction, the fault tree model o f boiler water 
shortage accident is drawn as shown in Fig.1.

TABLE I
SET OF ELEMENTARY EVENTS

Boiler water shortage

X1 X2
Water level 

falls
Failing to 

detect timely

Insufficient 
water

Boiler tube 
bursts

Leakage 
of blow

X12X11X8 X9 X10Water feed 
failure X6 X7

X3 X4 X5

Negligence Misjudgment

X14X13 False water 
level Misoperation

X0

X15 X16 X17 X18 X19 X20 X21

Fig.1. Fault tree of boiler water short

C. Qualitative analysis on fault tree of boiler water 
shortage accidents

1. Analysis on the minimum cutset o f fault tree o f boiler 
water shortage accidents 

Step 1: List the structure function of the fault tree 
model of boiler water shortage accidents[6]

Step 2: Simplify the structure function by
 rule: 

Step 3: Get the minimum cutset of the fault tree: 
P1={X0, X1, X2, X3, X13}  P2={X0, X1, X2, X3,
X14 P90={ X0, X1, X2, X12, X21} , 90 sets in total.  

Step 4: Get the fault tree model equivalent to fault 
tree of boiler water shortage accidents (minimum cutset 
indication), as shown in Fig.2. 

Boiler water shortage

X0 X1 X2 X3 X13 X0 X1 X2 X12 X21
 

Fig.2. Equivalent fault tree of boiler water shortage accidents 
(minimum cutset indication)

It can be known through the aforesaid analysis that 
there are in total 90 sets of all the possible modes which 
may cause boiler water shortage; for instance:  
P1={X0, X1, X2, X3, X13} indicates that: the alarm or 
water shortage protection device of the boiler system are 
uninstalled or fail, clogging of the feed line causes 
insufficient water feed, meanwhile, the firemen skive off  
work or fall asleep at work, which  results in that the water 
level is lower than minimum safe water level, and finally 
causing water shortage accident.

2. Analysis on the minimum path set of the fault tree of 
boiler water shortage accidents 

Construct success tree model according to  the 
original fault t ree model of boiler water shortage
accidents, as shown in Fig.3.

The boiler is not short 
of water

Normal water 
level

Detecting 
timely

Sufficient 
feed water

Normal
boiler tube

Normal
blow-down

Normal feed 
water

Rigorous
work

Correct 
judgment

Normal
water level

Correct 
operation

X0

X1

X7X6

X5

X10X8

X3

X2

X4

X9 X11 X12 X13 X14

X15 X16 X21X18X17 X19 X20

Fig.3 Success tree of boiler water shortage accidents
Step 1: List the structure function of the success 

tree:

Set Of Elementary 
Events

Instruction Of Elementary Events

X0 The water level is lower than the minimum safe 
water level

X1 Failing to install the alarm or the alarm fails
X2 Failing to install water shortage protection device 

or the device fails
X3 The feed line is clogged
X4 Leakage in feed line
X5 Feed water pump fails
X6 Automatic feed water system fails
X7 Water failure
X8 The boiler tube is clogged
X9 The boiler tube wall is corroded 

X10 The boiler tube has defects
X11 Failing to close blowdown valve
X12 The blowdown valve is not tightly closed 
X13 Skive off work or fall sleep at work
X14 Depart from work
X15 The steam and water communicating pipe of the 

water level gauge is clogged 
X16 The boiler water contains over salt  and alkali
X17 Inaccurate installation position of the water level 

gauge 
X18 The water level gauge is broken
X19 The steam and water cock of the water level 

gauge is closed
X20
X21

+Y = (X)= X0X1X2(X3+ X4+ + X12)(X13+ X14+ X21)+ X12)(X13+ X14+ X21)+ (1)
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> I (3)= I (4)= I (5)= I (6)= I (7)= I (8)= I (9)= I (10)= I (11)= I (12)

212019181716151413

1211109876543210

)(

XXXXXXXXX

XXXXXXXXXXXXX

XY (2) 

Step 2: Get the minimum path set of the original 
fault tree (minimum cutset of the success tree): 

Q1={X0} Q2={X1} Q3={X2} Q4={X3, X4, X5,
X6, X7, X8, X9, X10, X11, X12} Q5={ X13, X14, X15,
X16, X17, X18, X19, X20, X21} , 5 sets in total.  

Step 3: Get the equivalent fault tree of the original 
fault tree (minimum path set indication), as shown in 
Fig.4.

X13 X14 X20 X21X3 X4 X11 X12X2X1X0

Boiler water shortage

Fig.4 Equivalent fault tree of boiler water shortage accidents
(minimum path set indication)

It can be known through the aforesaid analysis that 
there are five sets of various effective measures for 
preventing and controlling boiler water shortage accidents; 
for instance:Q2={X1} indicates that: if the boiler alarm or 
alarm are installed in  the boiler system and can work 
normally, then water shortage accidents can be effectively 
prevented.  

3. Analysis on the structure importance of the fault tree of 
boiler water shortage accidents 

Since there are 90 sets of min imum cutsets of fault  
tree and 5 sets of min imum path sets in total, therefore, 
minimum path sets shall be used for analyzing the 
accidents.  

Formula of structure importance [7]: 
                     

Where   Xi the ith elementary event
ni the number of the elementary 

events in the minimum path set 
where the ith elementary event is in 

J the minimum path set including the 
ith elementary event  

The structure importance of the elementary events 
are got based on the analysis on boiler water shortage 
accidents in line with formula (3). 

(1-1)

(10-1)

(9-1)

1I (0)= I (1)= I (2)= = 1
2
1I (3)= = I (12)= 0.00195

2
1I (13)= I (21)= 0.00391

2

= I (12= I (

I (21)=I (

The weight ranking for the elementary events are 
got according to the structure importance coefficients .

According to above analysis, it can be seen that the
two factors of failing to install the alarm or the alarm fails
(X1) and failing to install water shortage protection 
device or the device fails (X2) rank top in the weight 
ranking, and they are the main causes for boiler water 
shortage accidents. Meanwhile, they are also the key 
factors to be considered for effectively preventing such 
accidents. The influence degree of elementary events X13, 
X14, X15, X16, X17, X18, X19, X20 and X21 rank 
second, and the elementary events with the weakest 
influence degree are X3, X4, X5, X6, X7, X8, X9, X10, 
X11 and X12 [8].

V.
AND CONTROLLING BOILER WATER SHORTAGE 

ACCIDENTS

countermeasures (Education-educational 
countermeasures, Engineering-technical countermeasures,
and Enforcement-management countermeasures) are 
countermeasures for preventing and controlling accidents 
based on safety ergonomic theories [9]. Starting from 
characteristics of man, countermeasures analyze 
man-machine-environment as a whole, and focus on 
improving human factors which may cause accidents to 
increase human safety and reliab ility, thus making
man-machine system safer, more harmonious and 
high-efficient [10].

A. Technical Countermeasures

Technical countermeasures start from safety 
ergonomic theories to realize man-machine coordination
and tactic cooperation by improving the mechanical 
equipment and related technologies in  man-machine 
system, thus enabling the system to operate safely and 
high-efficiently. 

(1)When designing the boiler system, it needs to 
take human factors into sufficient consideration, so as to 
make the man-machine system designed be suitable for 
human ability and operation requirement, and to endeavor 
to create a safe, comfortable, high-efficient and 
harmonious man-machine system. For instance, the main 
meters and instruments of the boiler system shall be 
installed at the place near horizontal sight line of the
firemen to facilitate their reading and prevent misreading.

(2)When designing the boiler system, man-machine 
interface design shall be the key design contents, so that 
the man-machine interface designed can meet the 

and fast operation. For instance, upgrade boiler display 
devices (steam temperature meter, bubble type water level 
gauge and pressure gauge) to digital meters, increase their 
reading sensitivity and accuracy; arrange the control 
apparatuses (emergency shutdown button or handle, 

(2)

in -1
Xi J

1I (i)=
2

(3)
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valves) at the positions where are accessible for hands, 
meanwhile, their quantity shall be reduced in order to 
prevent misoperation. 

(3) When designing the boiler system, key measures 
for preventing and controlling such accidents shall be 
taken [11]. Installing alarm and safe protection devices can 
effectively avoid  the potential h idden dangers during the 
operation of the system, reduce equipment damage and 
personnel injury, and prevent the accidents from 
expanding. For instance, low water level alarm or low 
water level interlock protection device shall be installed at 
positions such as digital water level gauge and blowdown
valve etc., h igh water level signaler, h igh pressure alarm 
and self-starting device for pump pit draining pump shall 
be installed at positions such as drain flash tank and 
continuous blowdown flash tank etc. 

(4) When designing the boiler system, automatic 
supervision functions shall be explored. For instance, the
system shall identify and accumulate the negative 
operations of operators. When the negative influences on 
the system are accumulated to some extent, the system 
will automat ically lock out and refuse the negative 
operations, which will improve the collaborative capacity
of man-machine system significantly, and it will also be 
conducive to operators development towards a higher 
standard [12].  

B. Educational countermeasures

All p roduction activities are accomplished by 
man-machine system. Since man is the dominant factor, 
improving human quality is of great importance to safe 
production. Human qualities include professional quality 
of labor, cu ltural knowledge quality, safety quality, 
psychological and physical quality as well as physical 
health condition etc [13]. Enterprises should establish a 
long-term mechanis m for safety education and skill 
training, and carry out safety education and trainings of 
specialized technologies in daily production and life on a 
regular basis, so as to increase the personnel s safety 
awareness, sense of responsibility as well as knowledge 
and operating skills. Enterprises should also assess the
employees regularly, and only the employees who get the
certificates subject to assessment can operate. Meanwhile, 
enterprises are also supposed to pay attention to the 
employees psychological and physical status to enable 
them to develop towards the optimized  comprehensive 
safety qualities. 

C. Management countermeasures

Management work shall not only troubleshoot the
hidden dangers of machinery equipment, but also 
strengthen supervision on personnel [14]. Firstly, the 
uniformed and perfected rules and regulations shall be 
made, including reward and punish system and operation 
specifications. Accountability system shall be 
implemented at all departments step by step; and the
departments shall define their own working range and 

responsibility, in particularly the front-line production
workers; in case of safety accident, relevant personnel 
shall be called to account. The personnel of all 
departments shall carry out corresponding work in strict 
accordance with the standard procedures and operation
specifications, which can effectively  avoid misjudgment 
and misoperation due to subjective factors, so as to avoid 
accidents. Taking the aforesaid measures can effectively
reduce the probability of boiler water shortage accidents 
caused by negligence and misoperation [15].
Secondly, carry out supervision and inspection work on a 
regular basis. During production process, the management
department shall carry out regular inspection on the
operators implementation of safety regulations and 
operation specifications as well as the operation
conditions of equipment, so as to eliminate hidden 
dangers in a timely  manner. Taking the aforesaid 
measures can effectively avoid boiler water shortage
accidents due to water feed failure and boiler tube 
bursting etc. Finally, the work shall be reasonably
arranged. Enterprises are expected to scientifically 
arrange the work in  line with the operators personal 
conditions such as technical capacity, knowledge level 
and experience etc., so as to meet the requirement of the 
posts to the greatest extent [16]. The enterprises can give 
full p lay to men s subjective in itiat ive to enable them 
work high-efficiently, safely and reliably. 

VI. CONCLUSIONS

(1) Trad itional fau lt tree analysis method often lacks 
of detailed analysis on human factors in  man-machine 
system. Based on this problem, this paper proposes fault 
tree analysis method based on safety ergonomic theories, 
and applies it to  boiler water shortage accidents. It 
confirms through analysis that the human factors causing 
such accidents include four aspects: ineffective safety 
management, imperfect systems and regulations, 
insufficient education and training, unreasonable design 
of man-machine interface.

(2) This paper constructs fault tree of boiler water 
shortage accidents and carries out qualitative analysis on 
it, and concludes the following conclusions: since there 
are many minimum cutsets of this accidents (90 sets in 
total), it can be known through analysis that boiler water 
shortage accident is prone to happening, and it  is one of 
the common accidents of boiler system. Since the
structure importance coefficients of elementary events of
failing to install the alarm or the alarm fails (X1) and 
failing to install water shortage protection device or the 
device fails (X2) are the largest, it can be known through 
analysis that elementary events X1and X2 have the
largest influence on boiler water shortage accidents; 
meanwhile, they are also the key measures for preventing 
such accidents. 

(3) The safety measure formulation work for boiler 
system in the past fails to reinforce the safe operation 
ability of the system from the perspective of increasing 
human reliab ility in the system. Based on this problem, 
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this paper proposes 3E countermeasures for preventing 
and controlling boiler water shortage accidents, aiming at 
ensuring the safe and stable operation of the entire system 
by increasing human safety and reliability.
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Abstract – This thesis is mainly concentrated on 
analyzing the quality control department of plastic company 
S . And the author hope that Company S  can get to a higher 
stage in the quality-control area by applying IE, quality 
management and other related knowledge. Then Company S 
can improve the unreasonable parts of it, and it will improve 
its working efficiency and the quality of its products, at the 
same time, the cost will also be reduced. Finally, Company S 
can enhance its market competitiveness in the industry. By 
all of the above, the author hopes that what the company 
finally gives the consumers will 

-
Keywords Product quality, quality management, 

quality control, the inner tube production

I. INTRODUCTION

After more than a month in S company internship, 
analyze the present situation of the production of the 
product and the enterprise product quality problem 
investigation and research. According to company's 
management target system, the sampling inspection, find 
out the unreasonable place [1], analysis of causes and 
improvement measures are put forward. According to 
company's quality management system and product 

sampling inspection method to detect the quality of your 
goods, the survey found that the enterprise did not adopt 
scientific and effective system of quality management 
method, to reduce costs [2], improve product quality, thus 
to achieve the ultimate goal of the enterprise.

II. THE INNER TUBE PRODUCTION PROCESS 
FLOW DIAGRAM

The inner tube production process flow is shown in 
Fig.1.

Fig.1. Inner tube production process flow diagram 

III. THE INNER TUBE PRODUCTION PROCESS 
DEFECT ANALYSIS

TABLE I
THE SECOND WORKSHOP PROCESS DEFECT LIST IN MARCH

The production 
workshop

Production 
shift sulfide The 

molding interface Squeeze 
out equipment other Waste tire 

in total
Grade A 
number

The total 
output of

Rate of 
grade A

The second 
workshop  1area

A 3951 1177 140 668 35 4376 10347 771368 781715 98.68
B 2932 1265 116 415 22 2957 7710 796731 804441 99.04
C 3351 1248 81 339 0 3100 8123 740835 748958 98.92

The workshop 2 
area

A 2790 1120 86 681 0 3383 8081 727523 735604 98.90
B 2401 1195 54 468 0 2971 7072 802321 809393 99.13
C 2931 1279 141 330 1 3768 8453 757415 765868 98.90

Through qualitative check member of the test 
statistics is unqualified emitting that sulfide in the process 
of inner tube production process of scrap rate is the 
highest, i.e. sulfide links exist a lot of quality problem [3].
Therefore, the use of quality management tools for 
analysis found that the problem of this link and effective 
improvements are put forward (Table I).

IV. INNER TUBE VULCANIZATION PROCESS 
STATUS

Inner tube sulfide is the last line of inner tube 
production process, this process caused by defective 
goods can't reuse raw materials [4]. So the quality control 

of the process is very important. The inner tube 
vulcanizat ion about quality problem mainly has folds, 
uneven thickness, drying, expand, aging, spongy and 
sponge rubber edge phenomenon as well as the quality 
problems.

A. Using the diagram and cause and effect diagram 
analysis of the cause of quality control

Through the inner tire vulcanization process product 
inspection showed that the quality problem of the inner 
tube sulfide main ly include: skirts, uneven thickness, 
drying, expand, aging, spongy and sponge rubber edge, 
etc.

Rubbe Inner tube extrusion Inner tube forming

Inner tube Inner tube products
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B. Using the Pareto methods analysis main quality 
problems of tube vulcanization process

The first step: Collect ing the number of unqualified 
products of Tire vulcanization process to produce in the 
first day (24 hours one day, three classes). Designing a 
data sheet, and fill the unqualified emitting in the sheet, 
then combined (Table II).

TABLE II
INNER TUBE VULCANIZATION PROCESS UNQUALIFED 

QUESTIONNAIRES
Unqualified type Unqualified number note

cleft 3
Drying raw 5

Uneven thickness 36 most
aging 8

stigmas 30 more
Rubber edge 1

spongy 4
other 3

combined 90
The second step is to make a data table of Pareto 

chart, column in the table are the unqualified data, 
cumulat ive unqualified data. The unqualified percentage 
and cumulative percentage [5]. By quantity in order from 
largest to smallest. The data to fill in the table, the "other" 
item listed in the final (Table III).

TABLE III 
UNQUALIFIED QUESTIONNAIRES

Unqualified 
type

Unqualified 
number

Cumulative 
number of 
unqualified

Ratio 
(%)

The 
cumulative 
ratio (%)

Uneven 
thickness 36 36 40 40
stigmas 30 66 33.3 73.3
aging 8 74 8.8 82.1
Drying raw 5 79 5.5 87.6
spongy 4 83 4.4 92
cleft 3 86 3.4 95.4
other 3 89 3.4 98.8
Rubber 
edge 1 90 1.2 100
combined 90 100

The third step is make two longitudinal axis and a 
horizontal axis, labeled number (frequency) of the scale 
in the left  vertical axis, the largest scale for the total 
number (frequency); Standard rate (frequency) scale in 
the right vertical axis, the largest scale was 100%.The 
total frequency of the scale on the left and The total 
frequency of the scale on the right have the same height [6].
On the horizontal axis coordinates according to the 
frequency size to draw a rectangle, the rectangle height 
represents the size of the frequency of the 
non-conformance (refer to Fig.2).

The last step is the judgment according to the figure 
of non-conformance. Can be seen from the diagram, the 
main quality problem is inner tube of type vulcanizat ion 
process) and the thickness [7].

Fig.2. The unqualified item Pareto chart

C. Based on the causality diagram analysis of the cause 
of the inner tube thickness

Fig.3. Inner tube thickness causal analysis diagram
Combined with the actual situation of tire 

vulcanizat ion process analysis that caused the quality 
problem of the inner tube inner tube thickness 
vulcanization process is mainly(refer to Fig.3):

The extrusion process of ext rusion machine 
equipment, and for discontinuous adhesive; the strength 
of the extruder mouth design is bad [8]. Mouth when 
extrusion deformation, which leads to the inner d ifference 
of correspondence and thickness, is not equal. Extrusion 
tire tube size is less than construction standards.

Aspects: (1) mixing operation method of instability 
[9]. Returns the glue mixed with a large proportion. 
Existing in production of rubber in the back g lue dosage 
of instability, mixing a good film in the park on the 
conveyor belt is long wait fo r a reason, after the mixing  
of rubber and plastic value volatility leads to uneven 
thickness of tube semi-finished products (2) curing speed 
too fast, have to finalize the design before make the valve 
and thin wall parts of rubber to expand, the tire body local 
drum thick and thin value [10]. (3) The clamping, canning 
speed too slow. After making the first contact mould parts 
of the first heat contact mold parts of inflat ion. (4) After 
excessive storage of semi-fin ished products storage time 
is too long, thin fold bum.

36 30
8 5 4 3 1

0
20
40
60
80

100

Unqualified number

The cumulative percentage
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V. THE QUALITY OF THE INNER TUBE 
VULCANIZATION PROCESS IMPROVEMENT 

MEASURES

Operation method: 1) the control returns when the 
dosage of the glue and regulate mixing  proportion of t ime;  
2) security extruder for the glue, prevent the glue supply 
disconnect or excess; 3) after mixing  rubber in  front of 
the supply of parking time should not be too long, lest 
affect the plasticity index of the rubber [11]; 4) to do a 
good job of equipment management, strengthen the 
maintenance ext ruder mouth; 5) control of sulfide before 
finalize the design speed; 6) to improve the speed of mold,  
canning; 7) reduce joint after the storage time of 
semi-finished products.

Machine and equipment: 1) improve the mouth 
strength design of extruder. Extruder mold ing workshop 
was direct ly by the motor start running process not only 
the demand is higher, difficu lty is big, and easy to
damage to equipment, electricity energy consumption is 
larger [12], it installed in 30 KW motor frequency 
converter, using variable frequency energy saving 
technology to reduce power consumption, and reduce the 
operation difficulty. 2) Extrusion tire tube size conform to 
the standards of construction. 3) is the main  air volume of 
wind pressure on vulcanizing machine work, the orig inal 
directly to the wind, the wind does not have any control 
measures and equipment when not working, air d ischarge 
[13] caused a large number of waste air and waste of 
electricity. Making its air volume will not discharge when 
not working, so fundamentally solved the waste air 
volume. In addition, on the basis of this and installed a 
pressure reducing valve in the pipe on the road [14], is 
composed of high voltage part into a low pressure wind, 
so that by the original using a high pressure air 
compressor and a low pressure air compressor into using 
a high pressure air compressor.

VI. CONCLUSION

Through application of quality management tools, 
Pareto diagram, cause and effect diagram and control 
chart to analyze the quality problem of the semi-fin ished 
products, is the quality of the product had the very big 

enhancement, greatly reduces the cost of materials, 
improve the production efficiency, increase the benefit of 
the company. Set up inner tube production line quality 
improvement system [15], unreasonable places in the inner 
tube production process for continuous improvement, 
constantly improve product quality. So  through the inner 
tube production line for each process quality control and 
improvement of inner product percent of pass is greatly 
improved.
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Abstract - According to dynamic movements and 

vibration of complex conveyer with Mosaic particles, 
simulation analysis of conveyer is carried out by ADAMS. 
First, three dimensional model of conveyer was 
established by the software of solidworks/proe, then it 
was lead into the software of ADAMS, the model was 
established by defining restriction, load, rigid-flexible 
coupling and contact among the parts of conveyer on the 
virtual machine of ADAMS .At last, the graphics of 
displacement, velocity of moving mosaic, acceleration of 
mass center of Mosaic particles were gotten by 
simulation ,which provides the certain foundation for the 
structure optimization of conveyer machine.

Keywords - Dynamics vibration, mosaic particles, 
simulation analysis, three-dimensional modeling 

I. INTRODUCTION  Mosaic is introduced from abroad where researches 
on design and production of Mosaic and automatic 
production line about mosaic have been accomplished 
roundly. However, the price of automatic paving 
machine imported from abroad is too expensive to 
purchase for small company except several large 
companies. 

In recent years, domestic media also have some 
special reports about automatic mosaic paving machine 
[1]. For example, Chen Gangchang invented the patent 
technology "a Mosaic paving machine "in 1988. Han 
Qiwen invented the "bidirectional and fast glass 
Mosaic paving machine" whose application by placing 
the mosaic on the mold in1993.Guo Anhua invented " 
bricks paving machine" whose application by 
conveying mold with mosaic in 2007. Chen Yaozao 
designed a mosaic paving machine that worked like 
this: three conveyer belts was transporting at the same 
time three manipulators extracted mosaic from three 
conveyor belts and put them on the mold frame in 
order to an array in 2010. Zhang Liangfu, Zhang qiang 
in via-wisdom technology company in shenzhen 
invented the patent technology "automatic mosaic 
fixed-point paving equipment" that worked like this: 
equipment used the suction cup adsorb mosaic into 
corresponding position for mold. Mentioned 
equipments above have low efficiency and low success 
rate in 2013. In words, mosaic products were 
inexperienced from research and development and 
therefore cannot be promoted due to contemporary 
restrictions about technology. The lab devoted series of 
product research with associated with Mosaic particles, 
which Has authorized an invention patent "one kind of 
automatic sorting system" and patent number was 
ZL200810025703.4, also authorized a utility model 

patent "multicolor and complex Mosaic paving device". 
Patent only describes device on the aspects of theory 
and can't effectively put all details and applied theory 
knowledge in detail on account of own properties. 
Article makes effective analysis of the theory on the 
transformation of mosaic’s motion state under the 
action of vibration on the slope on the basis of paving 
mosaics inefficiently.   

First, article establishes 3D model by 
Solidworks/Proe, then establishes Dynamics 
Simulation of multicolor and complex Mosaic paving 
device by ADAMS [2]. Through the simulation 
experiment and dynamic simulation, article obtained 
the relevant test data, the comprehensive detailed 
understanding of mosaic’s motion state about the 
mosaic under the action of vibration on the slope, and 
provides an effective and efficient simulation 
animation which provides a certain theoretical basis for 
development and production on the future.  
II. MODELING OFCOMPLEX PAVING MACHINE 
WITH MOSAIC PARTICLES UNDER THE ACTION 

OF VIBRATION  
The modeling of simplified paving device under the 

action of vibration is shown in Fig.1. 

1 the electromagnetic vibrator; 2 the output ramp; 3 the crank slide 
block structure; 4 Mosaic particles; 5 mold; 6 guide rail; 7 support 
plate; 8 feeding track 

Fig.1. the modeling of simplified paving device under the action of 
vibration 

The mosaic paving device under the action of 
vibration overcomes the friction of feeding track by the 
function of mechanical vibration [3], [4], then falls into 
a mold with squares in a way. The purpose of this 
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article is to study the moving behavior about the 
mosaic particles under different directions of vibration 
on the slope. The selected direction of vibration is 
shown in Fig.2, 3, 4. Mosaic particles having just 
entered into the feeding track entrance may appear the 
following situations: 

(1) Side-boundary of the mosaic is parallel to that 
of the feeding track; 

(2) Side-boundary of the mosaic isn’t parallel to 
that of the feeding track 

(3) A special status appears. Mosaic particles are 
turned 90 degrees. 

The following is mechanics analysis in view of the 
three conditions above. 

Fig.2. mechanics analysis when side-boundary of the mosaic is 
parallel to that of the feeding track 

At this time, n cosF F mg ; sin fF F . 
Mosaic particles slide along the track with accelerated 
state in Fig.2. 

Fig.3. mechanics analysis when side-boundary of the mosaic isn’t 
parallel to that of the feeding track 

As shown in the Fig.3, sinF  and 
fF  are in a 

straight line, but they state a different direction with 1F , 
Mosaic particles slide along the track in accelerated 
motion. Force 1F drives mosaic particles turned along 
the plane of slope until the degree=0. So, system is 
reaching the state of Fig.2 by this time; 

n cosF F mg

 
Fig.4. Mosaic particles just are turned 90degrees 

As a special case, Mosaic rotates 90 degrees. In 
order to prevent mosaic stuck, we must ensure that side 
length of mosaic reaches the requirement: 2m n .

 
III. THE DEFINITION OF FLEXIBLE BODY 

 
In order to avoid mosaic particles, feeding orbits 

and mold crashing into each other under the action of 
vibration, the article defines the materials of feeding 
orbits and mold as flexible materials which have 
inherent damping and costs physical energy 
overcoming friction [5]. Based on theory of dynamics, 
simulation method and ADAMS software platform, a 
rigid-flexible coupling model is built for mosaic. In the 
process of simulation, rigid body is defined as loading 
mass [6], in contrast, flexible body is defined as object 
without mass. Considering that high-frequency 
vibration may cause Mosaic particles out of the way, 
this article regards the motion state under the action of 
low-frequency vibration as the aim of research. 

 
IV.THE ESTABLISHMENT OF DYNAMIC MODEL 

 
Based on the operational theory of mosaic paving 

device under the action of vibration, the Mosaic 
particles on the feeding track present a Spring - damper 
steady and forced vibration by FM vibrator [7]. Setting 
initial phase of FM vibrator presenting harmonic 
vibration is 0. The equation of motion: 

sins A t              (1) 
Force produced by actuator is  

''F m s = 2 sinmA t       (2) 
Among them:  
s — distance on the slope with vibration; 
A — amplitude on the slope with vibration; 

 — angular velocity about FM vibrator; 
t — time; 

Note1: in formula (2), the type of minus sign shows that the direction 
of force is opposite with prescribed direction. 

I need to make appropriate simplification by 
ignoring secondary factors with model before setting 
up dynamic model. As follows: 

(1)The mass of spring in the case of dispersion is 
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small and negligible. 
(2)All kinds of damping are equal to linear damping 

[8]. 
(3) Mosaic particles are equal to protons. 
Based on aforementioned simplifying Rules of 

dynamic model, the article has accomplished 
establishment of dynamic model, as shown in Fig.5. 
Among them, Mosaic particles are defined as protons 
whose quality are M; Angle of slope is ; slope K 
where article establishes coordinate system X - Y - Z is 
seen as the initial planes;  is the angle between the 
Y direction and the direction of vibration; plane L is 
defined as a plane which is vertical with plane X; 
proton presents a spring - damper steady and forced 
vibration which can be equal to a combined action of 
spring - damper steady forced vibration along the 
direction of X and Y along the direction of the vector 
on the plane L. 

 
Fig.5. the establishment of dynamic model 

The friction produces because of their interactions 
between the protons and slope K When protons can't 
jump from K. At this time, based on Lagrange equation, 
establishing differential equation is:  

.. .
sin sinx x fm x k x c x F F mg    (3)  

.. .
cos cosz z nm z mg k z c z F F   (4) 

 
f nF F                 (5) 

Among them: m——the mass of mosaic;  
..
x /

..
z —the acceleration in the direction of X/Z for 

mosaic; 
.
x /

.
z —the velocity in the direction of X/Z for 

mosaic; 

xc / zc —the damping coefficient in the direction of 
X/Z for the system; 

xk / zk —the stiffness coefficient in the direction of 
X/Z for the spring; 

nF —support force slope imposing on the Mosaic; 

fF —friction slope imposing on the Mosaic; 

—friction coefficient. 
The displacement of proton not jumping out of 

slope is zero along the direction of Z, the displacement 
only in the direction of X exists, equation (4) reveals 
the system in the state of equilibrium, reforming 
equation (3), I get that: 

.. .
sin sin cos cosx xmx k x c x F mg mg F  (6) 

Among them, 
2cos cot .F mx , 2sinF m x , 

Reforming equation (6), I get that:   
.. .

2 2( cot ) sin cosx xmx c x k m m x mg mg  (7) 
Equation (7) is typical 2-order linear 

inhomogeneous differential equation. 
From equation (7) above, I get a conclusion: the 

frequency of vibration, different direction of vibration, 
the change of slope Angle and accuracy of system 
installation under the action of installation all affect 
motion state in the process of conveying mosaic 
particles. 

Mosaic particles can jump out of the slope with the 
increase of vibration frequency or increasing 
amplitude. 

Based on equation (4) cos cosF mg , 

meanwhile, nF =0. The mosaic particles will jump out 
from the slope without the support and friction force 
which has reached the maximum static friction force 
[9]. 

Assuming the time quantum of mosaic particles 
jumping out of slope is from st  to qt , 

2 sin cos cossA t g        (8) 
Drawing a conclusion: 

2

1 cosarcsin
coss

gt
A

         (9) 

When mosaic Jump out from slope, the movement 
behavior expressing in formula is: 

..
sin sinF m g m x          (10) 

..
cos cosF mg m z         (11) 

After transformation, 
..

2 sin sin sinx A t g         (12) 
..

2 sin cos cosz A wt g        (13) 
Making the second integral equation for equation 

(11) and (12) in the time quantum that from st  to t , 
equation of displacement for particle are obtained: 

2 21 1sin sin sin sin sin sin
2 2s sx A wt gt A t gt

 
(14)

2 21 1sin cos cos sin cos cos
2 2s sz A t gt A t gt

 
(15) 

When the mosaic particles fall back on the slope, z 
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= 0. At this time, 
2 21 1sin cos sin cos cos 0

2 2q s sA t gt A t gt

(16) 
The value of t  is very small and close to zero 

so that sin t t . I get the approximate equation 
about time from jump out of slope to fall back on the 
slope by simplifying and sorting the equation of (15), 
(16): 

2 21 1cos cos sin cos 0
2 2q q s sgt A t A t gt

 
(17) 

The equation (17) is quadratic equation. In the 
equation, only the variable of qt is unknown, 
according to the actual situation, the solution of 
equation exists, so I can figure out the value of qt .

 
V. SIMULATION AND ANALYSIS 

 
Based on the analysis of the vibration/view in 

ADAMS, modeling and dynamics simulation of 
complex paving machine with Mosaic particles 
establishes. On the basis of the input channel, 
excitation function is defined. Similarly, on the basis of 
output channel, frequency response function is 
calculated. By the analysis of response function in the 
output position, I analyze the system of vibration. First, 
I import the Model for Mosaic in the ADAMS with 
simulation and then build the flexible body in 
ADAMS/Flex covering the original rigid body. I use 
rigid constraint between flexible and rigid bodies [10]. 
A coupled model of simulation with vibration is 
presented shown in Fig.6 as follows: 

Fig.6. coupled model of simulation with vibration for mosaic 
particles 

In the process of simulation with vibration, first of 
all, I need to define the material qualitative, as well as, 
the contact relationship between the various parts. 
Material selection is shown in Table I, the definition of 
contact for parts is shown in Table II, the definition of 
friction is shown in Table III. 

TABLE I 
THE DEFINITION OF MATERIALS 

serial number name of the material material Mass/g 
1 Feeding track  flexible body no 
2 mold flexible body no 
3 supporting plate 1/2 x6Cr13 1440/463
4 loose tooling ceramics 198 

TABLE II 
THE DEFINITION OF CONTACT 

contact value 
Contact Name Contact 1/2 
Contact Type Solid to Solid 

I Solid Mosaic particle 
J Solid Feeding track/mold 

Normal Force Impact 
stiffness 1.0E+0.08 
Damping 1.0E+0.04 
Exponent 2.2 

Dmax 1.0E-0.04 
TABLE III 

THE DEFINITION OF FRICTION 
item value 
Friction Force Coulomb 
Coulomb on 
Static Coefficient 0.2 
Dynamic coefficient 0.15 
Stiction transition 10 
Friction transition 1000 
Kx /Kz 5 
Cx/Cz 0.2 

In the ADAMS, the setting time of simulation is 1s, 
the steps of simulation is 150, the length of slope for 
feeding track is 800mm. Input channel function is 
defined as 100sin 2s t , I define that 03 0 , 

01 0 . Based on the post processing in 
vibration/review, I get the displacement diagram in the 
direction of Z for mosaic particle, as shown in Fig.7. 
The velocity diagram in the direction of X, Y, Z 
respectively are shown in Fig. 8, 9 and 10. The 
acceleration diagram in the direction of Z is shown in 
Fig.11. The contact force diagram between mosaic 
particles and feeding track or loose tooling are shown 
in Fig.12 and 13. 

 
Fig.7. The displacement diagram in the direction of Z 

 
Fig.8.The velocity diagram in the direction of X 
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Fig.9. the velocity diagram in the direction of Y 

 
Fig.10. the velocity diagram in the direction of Z 

 
Fig.11. the acceleration diagram in the direction of Z 

 
Fig.12. the contact force diagram between mosaic particles and 

feeding track 

 
Fig.13. the contact force diagram between mosaic particles and loose 

tooling 
By analyzing the diagrams, I draw several 

conclusions: 
(1) Setting the input channel function is s = 100 

sin2t, as shown in Fig.7, 8, 9, 11 and 12, when the time 
pass from 0 to 0.9, the protons are not jumping up and 
down in the direction of Z, from the phenomenon 
described above, I draw a conclusion: the protons 
didn’t jump out of the slope. 

(2) I can draw a conclusion from Fig.7 and 8: 
the velocity of mosaic should be constant for a constant 
ideally when the angle of slope is , the velocity of 
mosaic in the direction of Z raises due to the effect of 
exciting force with vibration, and the component of the 
exciting force in the direction of X is greater than the 
friction force. 

(3) As shown in Fig.9, 10, 12 and 13, when the 
time pass from 0.9 to 0.92, mosaic particles jump  out 
from feeding track, the starting time t s  and ending 

time qt  are determined, which imported into equation 
(17) can verify the exactness of the equation. 

(4) when the time pass from 0.92 to 0.98 shown 
in Fig.11, 12 and 13, mosaic particles are falling into 
the mould and jumping up and down under the action 
of vibration until fell into the blank. As shown in 
Fig.10 and 11, the period of vibration is more than 0.1 s, 
and amplitude is about 0.05mm. 

(5) As shown in Fig.12, at the time of 0.91 s, the 
contact force is maximized value between mosaic and 
slope; as well as, at the time of 0.94 s, the contact force 
is maximized value between mosaic and mould, which 
occurs due to the simultaneous vibration of the feeding 
track and mould. 

(6) When the time pass from 0.98 to 1s, the 
contact force is zero between mosaic and others, and 
mosaic has maximal velocity, which show that mosaic 
has been out of the shop and laid-up completely well 

According to the diagrams obtained from 
simulation and academic analysis, I understand that the 
time from the feeding track entrance to the shop for 
mosaic particles is a total of about 0.98-1seconds. In 
this article, the mosaic paving prototype use a whole 
row of pavement, therefore, paving mould whose 
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standards is 5*5 takes about 5 seconds. The mould 
standards used in factory is 12*12.On that baseline, the 
cost of paving time is about 45seconds, considering the 
time of moving mould by A one-dimensional numerical 
control platform costing a certain amount of time, 
according to the standards that time of paving a mould 
completely is 50 seconds, the paving device can pave 
1728 moulds in one day (including 24 hours) while 
normal workers (working10 hours a day) can pave 
about 700 moulds. The efficiency of paving device is 
more than doubled than manual manpower. Therefore, 
with the phasing-in of more automatic equipments, the 
work efficiency improves greatly, the cost of labor 
reduces, and the value of benefits increases. 
Note 2: the conclusions above only are limited to the stage of feeding 
and pavement, not including the subsequent delivery.

 
VI. CONCLUSION 

 
The article mainly Involves establishing a coupled 

model of simulation with vibration for mosaic particles, 
obtains the characteristics of kinematics and dynamics 
mechanism by dynamic simulation. Data obtained by 
analyzing diagrams are imported into equation (17) and 
verify the accuracy of the previously mentioned 
mechanical analysis. What’s more, the article obtained 
the graphics of displacement, velocity and acceleration 
for mosaic by simulation under the action of vibration, 
so that it can be indirectly studied for the behavior of 
mosaic of particles, meanwhile provides a strong 
theoretical basis for the whole assembly system. 

In this article, the results of simulation show that it 
is an effective method to design the structure of 
equipment by simulation with the virtual prototype, 
which also apply to the design of other products. The 
study of this article is limited to specific limitation, 
having some deficiencies, needing further optimization. 
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Abstract - The essay proposed and introduced a visible 
light digital information communication system which uses 
white light of LED to be the medium, and is based on MCU. 
The essay introduced the working principle of the external 
circuit and the internal program of the communication system, 
and discussed the way to achieve the function of illuminate and 
signal interference problem between many illuminant. The 
research talked about the way to emission and received when 
the signal is transmitting. It also talked about relevant 
arithmetic and the method of modulate and demodulate, and 
disposed noise from signal. The communication system fulfills 
the task of illuminate, at the same time, transmits digital 
information at a short distance. 

Keywords - Modulation and demodulation, photosensitive
diode, visible light communication, white light LED

I. INTRODUCTION 

In recent years, the market quantity demanded for 
LED was increased than before. The advantages of LED, 
such as environmental protection, long operating life and 
high flux per LED make the LED to replace traditional 
lighting system, and to become a new trend of illuminate 
[1].

Visib le light communication has two functions. It can 
complete not only a fundamental illumination but also an 
informat ional t ransmission [2]. Especially, the system never 
produces electromagnetic radiat ion, so that it can  be used in 
some special places, to avoid  electromagnetic interference. 
The system has an excellent security. As long as some 
objects obstruct the path of light, informat ion can be 

Using photosensitive diode which has light sensitive 
characteristic can p ick out the frequency change of light. 
With a series of d ispose to the signal, the informat ion will 
be identified and restore.

II. THE WORKING PRINCIPLE OF THE SYSTEM 

Visib le light communication system is based on MCU. 
Two MCUs compute the information which comes from 
transmitter and receiver respectively. A high power LED is 
the light source of transmitter, and the photosensitive diode 
is the beginning of the receiver [3]. When it  receives data, 
the analog signal will turn into digital signal by a series of 
external circuit. The data will be modulated into PPM code 
at transmitter. Constant current source driving circuit  will 
send the signal to LED, so that LED lights in many different 
frequencies by PWM dimming, and carries informat ion. 
Photosensitive diode receives visible light at receiver and 
changes its value of resistance, so that the special 

frequencies which come from LED will be turn into 

the system will accomplish the communication. The 
whole process of the system is shown in Fig.1.

Fig.1. The composition of the system

III. THE WORKING PRINCIPLE OF 
TRANSMITTER 

A. Illumination
Generally, people need 150-300lx illumination in  

offices and other indoor rooms to work and live. 
Especially, operating rooms and laboratories need 
300-1500lx illumination to meet the normal work. 

get the function of indication, it is inadaptable to 
illumination. 

So the system should use a high power LED to be 
the light source [4]. In order to fulfill the task of
illumination better and increase the area where is 
covered by light, make the light distribute equality as 
far as possible, mult i-h igh power LED should constitute 
into a matrix. Because of the fast transmission rate, 
LED needs to change its switch on and off at a quite 
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short time. According to the volt-ampere characteristics of 
LED, LED can not make an immediate response with the 
change of digital signal, there is a delay both on glowing 
and extinguishing [5]. The phenomenon makes the rising 
edge and falling edge of the signal exist some error. In order 
to avoid the case as well as ensure the veracity and the 
high-speed of the communicat ion, it is necessary to choose 
an appropriate constant current source driving circuit. With 

r will produce hot, 
and affects the value of resistance. 

If the LED is no longer working at the rated current 
value, it will reduce its service life and efficiency. Constant 
current source driving circu it can be a good solution to 
these problems [6]. In the current source driving circuit, 
with the MOS tube fast switching and the control of 
integrated chips, high-
increased exponentially with the voltage signal which  is in 
according to the volt-ampere characteristics, but a constant 
current value. So  it can be used to show the voltage signal 
indirectly by current.

When determined the size of h igh power LED and 
driver circuit, the next step is to distribution the layout of 
light source, and the convergence of the scattered light. A 4 
* 4 LED matrix can increase the light intensity effectively, 
and the interior lighting requirements can be achieved by a 
number of LED dot matrix. However the color of the walls 
are always be white, and white walls will reflect all colors 
of light, if there are too many indoor light sources, they will 
produce inter-symbol interference and multi-path effects, 
the visible light which  comes from many light sources must 
affect each other [7]. In order to solve the problem, put a 
lens in front of LED, or set some mirrors around LED can 
gather the scatter light or the parallel light which is in  many 
different directions to improve the lighting efficiency.

B. The test of light source’s number affects on the 
information transmission success rate

In a closed interior space of 5m * 5m * 3m, the walls 
are white, 16 white LED which the rated power is 1W 
compose a light source. The receiver is placed in the center 
of the room, receiving visib le signal 10 times. By increasing 
the number of light sources, analyze the impact of the 
number of light sources to information t ransmission success 
rate [8]. Besides, there is a uniform lighting in the room at 
the top. The information transmission success rate response 
of light s 2 and the 
parameters of each component in the test are listed in 
TABLE I.

The experimental result shows that the increased 
number o f light sources makes inter-symbol interference 
and multi-path effects become more severe, the 
communication success rate become lower. 

Fig.2. the information transmission success rate response of light 

TABLE I
RELATED PARAMETERS OF THE WHITE LED ARRAY AND 

VISIBLE LIGHT RECEIVER
Parameter Value

LED array scale N*N 4*4
Rated power per LED 1.5W

Optical wavelength of the LED 450nm
Receiving area of photosensitive diode 1.5mm*1.5mm
Response time of photosensitive diode 5us
Divider resistance of photosensitive 

diode circuit
19K

Resistance of amplifier 4.23K
Comparison voltage of comparator 1.25V

Communication rate 500kb/s

C. Modulation 
PPM coding is a process of modulate, the data can  

be converted into digital signals perfectly, and the way  
of modulate has a high fault to lerance. Even if there is  
some delay, the error can be reduced by setting some 
special instructions 
high frequency carrier wave may reduce some noise of 
the signal during transmission [9]. Due to the LED and  

can transmit in formation after added the carrier wave. 
This process is a two-time modulation. 

Multi-channel data can be transmitted at the same 
time by encoding in different ways, such as using 
frequency division multiplexing. 

Initialize the t imer of MCU through the internal  
procedures will set the width of the data codes, start 
codes and end codes. The digital data transmit to the 
drive circuit through one of the I/O port of MCU.

When the transmitter working, the MCU will be
coded data into PPM coding, and data turn into a digital 
signal, complete the modulation [10]. The constant 
current source driving circuit makes the current which 
is through the LED carries the voltage signal. Finally, 
the LED luminance changes regularly  and emits the 
modulation signal. 

IV. THE WORKING PRINCIPLE OF RECEIVER 

A. signal processing
First the light which is emitted by the transmitter  

is received by a photosensitive diode which has a 
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photosensitive characteristic. According to the 
characteristics of resistance changes by the change of light 
intensity, the photosensitive diode can change the optical 
signal which  is come from transmitter into an electric signal 
to the receiver. Th is is a process of photoelectric conversion
[11]. Due to the special characteristics of the photosensitive 
diode, the frequency change of the light will show into a 
variation of the duration of the high electrical level. If the 
receiving area of the photosensitive diode is increased, 
more noise will be received, thereby causing the 
interference [12]. So  the receiving area of the 
photosensitive diode should not be too large. Put the Fresnel 
lens in  front of the photosensitive diode as an optical add 
concentrator may gather light better, and the focal point 
should fall on the surface of photosensitive diode [13]. The 
light around the interior space can be gathered by adding a 
plurality of Fresnel lens in each direction.

The receiver processing the signal is a  significant 
process of filter noise and extract  of useful information [14].
The bleeder circuit  produces electrical signal, and send the 
signal into a low noise amplifier circuit  for amplifying the 
signal. Because of the amplified signal of the amplifier will 
also be self-generated noise amplification at the same time, 
It should be possible to select a low noise amplifier. The 
amplified signal enters into an envelope detection circuit to 
filter out high-frequency carrier wave and restore the PPM 
code. This time the filtered wave still has some error and is 
disturbed by noise interference. So at  the end of the
receiving circuit, add the amplitude comparator will turn 
analog signal into digital signal, which is also a utility way 
to reduce the noise.

B. Demodulate
MCU calculate the time of h igh electrical level by 

timer init ialization, using the counter function of MCU. If 
the crystal is 12M, the count unit is 1us, so as to distinguish 
the different  types of PPM code. In the internal process, the 
data is received from the beginning of the start code is 
received, and stop receiving unless receipt the end code [14].
It is the process of demodulation and restores the 
information. 

V. CONCLUSION 

LED has plenty of advantages, such as low-cost, long 
life and more environmentally friendly. The design uses its 
advantages to transmit information while achiev ing the 
illumination function. Through the research and analys is of 
the LED voltage current characteristics of the delay, 
selected a suitable constant current source driving circuit to 
drive high power LED and transmit information. The paper 
talks about the influence of reflex walls and multi-path 
effects which is caused by multiple light sources affect on 
the system performance. Mult i-path effects and 
inter-symbol interference were tested and analyzed. 
Through observation and signal processing at the receiver, 
use an external circuit  to filter out noise, convert the analog 

signal into a digital signal. LED white lighting digital 
communicat ion system is incorporate with the lighting 
and communications. Furthermore, its environmentally  
friendly and efficient features will affect the field of 
communication in the future.

REFERENCES

[1] T.Mukai, S. Nakamura. White and UV LEDs. Oyo 
Buturi. 1999(68): 152-155,

[2] Elgala H. Indoor broadcasting via white LEDs and 
OFDM Consumer Electronics, IEEE Transactions on: 
1127 - 1134.

[3] Mesleh, R LED nonlinearity mitigation techniques in 
optical wireless OFDM communication systems Optical 
Communications and Networking, IEEE/OSANov. 
2012.

[4] Khoa Quang Huynh, Maximum likelihood detection 
upper bound for detect-and-forward relaying over 
AWGN channels. IEEE Transactions. 2011, 11: 705-
709

[5] Quadeer A.A. Enhanced channel estimation using 
Cyclic Prefix in MIMO STBC OFDM sytems. Signal 
Processing and Information Technology (ISSPIT). 2010 
IEEE International Symposium on 15-18 Dec. 2010: 
277 - 282.

[6] Yang Jie. Optoelectronics and Image Pro Back to 
Results the Study on L-STBC-OFDM in HF 
Communication System. Optoelectronics and Image 
Processing (ICOIP). 2010 International Conference on 
11-12 Nov. 2010: 641 - 644

[7] Kwon J K. Inverse source coding for dimming in visible 
light communication onreliable links [J]. IEEE Photon 
Technol,Lett, vol. Oct. 2010,22, pp. 1455-1457.

[8] Bai B, Xu Z, Fan Y. Joint LED dimming and high
capacity visible light communi-cation by overlapping
PPM [M]. Annu Wireless Opt. Commun. 2010 .5, pp. 
71-75.

[9] Grubor J, Randel S, Langer K D. Broadband 
information broadcasting using LED-based interior 
lighting [J]. Light w Technol, vol.2008, 26, pp. 
3883-3892.

[10] Cui K. Line-of-Sight visible light communication
System design and demonstration. IEEE Int'l. Symp. 
Commun [C]. Sys. Networks and Digital Signal, 2010.7,
pp. 621-25.

[11] Nanba S,Miyazaki N, Hirota Y. MIMO capacity 
estimation based on single and dual-polarization MIMO
channel measurements [J]. APCC 2010, Oct, pp. 
359-364.

[12] David A, Schmidt, Randall A. Minimum mean squared 
error interference alignment. IEEE Annual Asilomar
Conference on SignaIs5Systems, Computers, Pacific 
Grove, California, USA, Nov 2009.

[13] Khoa Quang Huynh, Maximum likelihood detection 
upper bound for detect-and-forward relaying over 
AWGN channels. IEEE Transactions.2011, 6(9): 705 -
709

[14] McKay, M.R,Achievable Sum Rate of MIMO MMSE 
Receivers: A General Analytic Framework. Information 
Theory, IEEE Transactions. 2010, 1: 396-410.

Design of White LED Lighting and Digital Communication System 247



Abstract - Through the establishment of 
multidimensional data model based on data warehouse, we 
can convert the original application-oriented data structures 
in the database for the analysis of multidimensional data 
structures. Multidimensional data model provide a good 
data analysis environment for risk assessment system in oil 
and gas drilling and overcome inadequate analytical 
capacity which can’t satisfy complex analysis of risk 
assessment in oil and gas drilling operation compared with 
information system based on database technology. Because 
the model provides a good analysis of structures, risk 
assessment of oil and gas drilling operations can be analyzed 
from different perspectives and at different levels of the 
system related issues which provide an effective analytical 
tools and decision support for managers. 

Keywords - Data analysis, data warehouse, drilling 
operation, multidimensional data model, risk assessment 

I. INTRODUCTION 
From relevant research results in the present domestic, 

we have not yet seen the risk assessment software in 
drilling operation. There are two main reasons for this 
situation: First, the time on research of drilling operation 
risk is not long and start later; Second, the drilling risk is 
a complicated systematic project The key problems which 
need urgent solution  in high-risk oil and gas drilling 
operations is to set up a suitable risk assessment model by 
using reasonable evaluation method. During the research, 
we also found that the risk assessment systems in existing 
other industry or areas of domestic are almost all data-
based information system. Since the database system is 
only applied to undertake the daily manipulating 
application of raw data, and supports simple works of 
research and statistic, it is difficult to meet various 
complex analysis requirements; and for managers to 
provide effective and scientific decision basis for 
managers. In order to solve the two problems effectively, 
we bring data warehouse and online analytical processing 
(OLAP) technology into the implementation of risk 
assessment in drilling operation, put forward a solution to 
set up a multidimensional data model based on data 
warehouse. We can establish multidimensional data 
model in data warehouse through data extraction and 
conversion of oriented data in homology database 
according to professional model. And transform the data 
from the original application-oriented structure to the 
analysis-oriented multidimensional data structure, and 
provide the best data format [1, 2] for online analytical 
processing (OLAP). Only in this way can we provider a 
good analysis of the environment and analytical tools for 

the risk analysis and assessment in drilling operation. 
Therefore, in view of the hazard, risk factors and possible 
characteristics of drilling accident in oil and gas drilling 
operation system, we should set up a suitable risk 
assessment model, as well as build a multidimensional 
data model for risk assessment based on data warehouse. 
It is the key problem needs to be solved in current oil and 
gas drilling operation. The study laid the foundation for 
risk assessment system and development platform in oil 
and gas drilling operation, and provider effective 
analytical tools and forecasting methods for scientific and 
systematic analysis, evaluation and forecast in drilling 
safety.

II. MULTIDIMENSIONAL DATA MODEL DESIGN 
AND IMPLEMENTATION OF RISK ASSESSMENT IN 
OIL AND GAS DRILLING OPERATION BASED ON 

DATA WAREHOUSE 

A. Data warehouse based multidimensional data model 
design 

1) Subject requirements analysis 

The data of data warehouse is organized by subject-
oriented. The subjects are criteria of data classification at 
higher level and usually reflect the key issues concerned 
by decision-makers. Following is the subject instance of 
“analysis of casualties” shows design procedure of multi-
dimensional model. 

2) Dimensions and granularity design 

Dimension is an abstract of event-related factors in the 
relationship model. For example, analysis of casualties in 
oil and gas drilling operation relates to factors: time, 
geography, staff type, injury type, complex circs, well 
type and etc. Besides above factors, granularity should be 
taken into account as well since it concerns about the data 
layer issues. Granularity reflects the level of detail and 
data, for example, analysis of casualties concludes year, 
season, month, week and day analysis or statistical data. 
We can build dimension tables for those involved factors, 
which demonstrate its features via records attributes 
within the dimension table or hierarchy information. 
Granularity can be reflected through the division of each 
dimension level [3]. The following is commonly dimension 
and granularity design in analysis of casualties.  

Time dimension (4 layers): year, quarter, month and 
day. See Fig.1 structure of time dimensional table. 
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Fig.1. The structure of time dimension table 

Geography dimension (4 layers): country, oil-field, 
block, and well. See Fig.2 structure of geography 
dimensional table: 

Fig.2. The structure of geography dimension table 

Casualty type dimension: minor injury accidents, 
serious injury accidents, casualties, major casualties and 
serious casualties. See Fig.3 structure of casualty type 
dimensional table: 

Fig.3. The structure of casualty type dimension table 

Staff type dimension: operators, technicians and 
management personnel. See Fig.4 structure of staff type 
dimensional table: 

Fig.4. The structure of staff type dimension table

Complicated conditions’ dimension: well blowout, 
well collapse, lost circulation, sticking and so on. Well 
type dimension: Vertical well, directional well and 
horizontal well. 

3) Multidimensional data model design of casualty in oil 
and gas drilling operation 

The fact tables and dimension tables are the basis for 
entire data model, so the division of fact tables and 
dimension tables must be reasonable. Dimension table 
attributes describe the properties of dimension itself, the 
fact tables  includes value which indicators that which 
users want to know in the data warehouse, and  numerical 
targets and additional characteristics.  

The dimension table includes the time, geography, 
staff type, casualty type, complex circs and well type 
dimensional tables in accordance with requirements 
analysis. The fact table is casualty fact table, and each 
unit only stores a few points to each dimension table 
pointer: foreign key, these foreign keys corresponding to 
the primary keys which were stored in a different 
dimension tables. Measure value is the major value of 
multi-dimensional data sets, thus, the end-user browsing 
multidimensional data. Casualty fact table value uses the 
casualties. 

At this point, the multidimensional data model of 
casualty in oil and gas drilling operation is designed. See 
Fig.5. 

Fig.5. multidimensional data model of casualty in oil and gas drilling 
operation

B. The Implementation of OLAP System 

1) OLAP multidimensional analysis engine 

OLAP analysis engine is in the middle of data 
warehouse layer and user interaction layer, which 
manages the analyzing of user input, changes the user 
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input into SQL statement and operates multi-dimensional 
in data warehouse, then the result set is returned to user 
interaction layer. 

The workflow of OLAP engine is as follow [4, 5]. At
first, the user input commands are changed into 
parameters, then parameters are transmitted input to 
multi-dimensional processing module, multi-dimensional 
processing module receives and analyzes the parameters, 
and generates the appropriate SQL statement. The 
appropriate SQL statement obtains the required data from 
the data warehouse and gets the multi-dimensional data 
sets. Tables and images are generated by processing this 
sets method according to user operation. Finally tables 
and graphs are returned to the user interaction layer. 
Workflow of OLAP multi-dimensional analysis engine is 
shown in Fig. 6: 

Fig.6. Workflow of OLAP multi-dimensional analysis engine

2) Way to access the database through the web 

Method is that applying office web components 
(OWC, Office Web Components) to web pages, OWC is a 
set of components published along with Microsoft office; 
OWC offers a PivotTable control tool that can display the 
data from multi-dimensional data set by Analysis Services.  

With Web-based OLAP analysis system the web page 
has been inserted two kinds of office web components [6]:
PivotTable and Chartspace. PivotTable supports various 
OLAP operations including drilling, slicing and rotation 
which are easy to manipulate. Chartspace supports a 
variety of charts (including bar chart, pie chart, line chart, 
etc.), and it can be published blending with PivotTable. 

III. DATA WAREHOUSE STRUCTURE OF RISK 
ASSESSMENT IN OIL AND GAS DRILLING 

OPERATION 

Within the paper the data warehouse structure of risk 
assessment in oil and gas drilling operation applied B/S 
architecture, contrasted with C/S framework, the 
advantage of B/S architecture is obvious, it provides a 
method of Web-based channel for data exchanging, that 
make enterprise data and applications can be retrieved by 
any web-connected computer, which can exactly fit the 
requirements of the characteristics of world-wide-
distributed of drilling professionals and administrators. 
This architecture of data warehouse structure of risk 
assessment in oil and gas drilling operation is shown 
following as Fig.7. 

Fig.7. Architecture of data warehouse structure of risk assessment in oil 
and gas drilling operation 

1) As illustrated in Fig.7, the fundamental layer is the 
storage layer (or data layer), which is generally divided 
into two parts:  Online Transaction Processing (OLTP) 
databases, which is the source of analytical data. Data 
warehouse which is used by storing analysis data, the data 
is obtained from the OLTP database through the ETL tool. 
Thru this layer, OLAP data and OLTP data could be 
separated and would not impact on the efficiency of 
pristine system [7].

2) The second layer is the application layer, which 
consists of OLAP server and Web servers, OLAP server 
supports and manages the data processing engine of 
multi-dimensional data structures, and reads data from the 
relational database and mapping of a relational database 
to multi-dimensional logical model to display, so that the 
data is multi-dimensional formed when reporting.  

3) The third layer is the browser. Applying web page 
to access multi-dimensional dataset and the query results 
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is displayed by table or graphics. The architecture of web-
based OLAP not only allows end user to efficiently and 
easily access the data warehouse through the web browser, 
but also supports a unified interface and same style of 
web page, and the user can use data warehouse or OLTP 
databases via accessing web server by TCP/IP protocol 
that fits the demands of inter-regional and cross-platform. 

IV. CONCLUSIONS 

In order to meet the complex analysis requirements of 
risk assessment in oil and gas drilling operation, we put 
forward a multidimensional data model solution based on 
data warehouse. We bring the data warehouse and online 
analytical processing (OLAP) into the risk assessment 
system in drilling operation. The software architecture has 
applied relatively new technology of B/S mode, that 
various multi-dimensional data analysis through browsers 
by the method of inserting the PivotTable component and 
Chart components and linking to the analysis server to 
web pages that has been achieved, so it provides support 
and convenience that enterprise can effectively manage 
and make synthetic decisions. Furthermore, this system 
also realizes the spreading and the application of OLAP 
technology, which is a good tool for WWW environment. 
Users can efficiently access to data, and managers also get 
more useful information from large amounts of data, so 
the system has significant application value. 
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1 Abstract - Analyzed the production processes and 

proposed a solution to improve plant layout, this paper 
applied process analysis to improve plant layout and 
explored another effective way to improve plant layout for
small and medium manufacturing enterprises. A case 
explained the practicality and effectiveness of the method.

Keywords Improvement, plant layout, process analysis,
SMEs

I. INTRODUCTION

In the plant facility layout design, SLP is applied to
large-scale pro jects and SSLP middle and small projects.
SLP and SSLP method can also be applied to improve the 
facility layout of the plant and shop. SLP method is
tedious and complicated. Comparing with SLP, although
SSLP was simplified, SSLP still has six steps and requires 
a lot of calculation and graphing [1-3].

Process program analysis method is commonly used 
in the program analysis of method study. It is a method 
which takes a product or a part of the manufacturing 
process in production system as a research object, based 
on the detailed observing, recording and analyzing for
operations, inspections, transportations, storages and
delays in processes, to research the improvement of 
operating processes [4-5]. With the dissemination and 
application of IE in Chinese enterprises, process program 
analysis is not only used to improve the flow processes, 
but also increasingly being used to optimize the layout of
workshop facilit ies due to its simple and closely 
integrated with the production process [6]. But it is rarely 
used to improve the layout of plant facilities .

This paper takes an Guangdong YL Machinery  
Factory actual improvement case as the basic material, 
based on process program analysis to study the 
improvement of the plant facility layout, in order to 
explore the simple, effective and practical way to 
improve.

II. ANALYSIS OF THE CURRENT STATUS AND 
IMPROVEMENT [7]

A. The basic situation of the enterprises
YL machinery factory mainly makes pressure 

vessels, pressure pipings, packing  machinery box-type 
products and so on. It has the casting, cutting, metal
machining, welding, container, machine repair workshops

                                                
1 Sponsored by Guangdong Experimental Comprehensive Reform of 
Mechanical Engineering and Automation

and the raw materials storage, covering an area of 
141,000 square meters. Fig.1 shows the area of the 
factory workshop and warehouse layout.
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Fig.1. Plant layout and main production logistics chart (before improvement)

With the upgrading of the products, equipment had
also been changed. In order to improve production 
efficiency, reduce production costs and further increase 
production capacity, this paper improved plant layout
based on process analysis, under the conditions of the 
existing plant, equipment.

B. Production status
The main products of the YL are the heating cylinder 

and the heating tank. The following analyzes the heating 
tank as case.

The main production specificat ion of the heating 
tank is 2328 × 568 × 672. The parts are shown in  Table I.
The production process flow is shown in Fig.2.

Process charts of heating cylinder and heating tank 
are drawn. Due to limited space, this paper lists only the
process chart of heating tank (as shown in Fig.3), some 
operations which do not affect layout improvement are 
simplified.

The primary main production logistics of heating 
cylinder and heating tank are shown in Fig.1.

21st International Conference on Industrial Engineering and Engineering Management 2014 (IEEM 2014)

E. Qi et al. (eds.), Proceedings of the 21st International Conference on Industrial Engineering
and Engineering Management 2014, Proceedings of the International Conference on Industrial Engineering
and Engineering Management, DOI 10.2991/978-94-6239-102-4_ © Atlantis Press and the authors 2015

253

53,



TABLE I
TABLE HEATING TANK AND ITS PARTS

Part 
No. Product Name Single piece 

mass / kg
Annual total 

number /piece
Annual total 

mass / kg
Heating tank 108 75351.6

1 Side plate 71 108 7668.0
2 Base plate 178 108 19244.0
3 Faceplate 333 108 35964.0

4 Split-flowplate 14.1 432 6091.2
5 Others 3888 6404.4
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Fig.2. Heating tank production process flow chart

C. Analysis of the status and improvement
This section applied 5W1H, ESCRI (Eliminate, 

Simplify, Combine, Rearrange, Increase) principles to 
analyze the process diagram, including operations ,
inspections, transportations, storages and delays. And the 
following questions are found:

a. Longer transport distances, more transporting 
frequently, more waiting times.

b. Production cycle is longer, but effective operating 
time share very little in the entire production cycle, most 
of the time is moving and waiting.

The paper made the following improvements, based 
on the above processes and procedures and combined
enterprise actual site, without changing the content of 
operating and inspecting: 

a. Cutting machines in cutting workshop and drilling 
machines in metal machin ing workshop are moved to the 
raw materials storage, in order to reduce the transporting
time and distance of raw materials and semi-finished 
products in operating.

b. The welding workshop and the container 
workshop swap places. In order to ensure the X-ray 
detection being between the tank welded and annealed ,
the X-ray detection equipment in container workshop is 
adjusted to the new welding workshop. 

c. The processes of grinding and leveling are 
swapped with welding jo ints to reduce transport distance. 
Other production processes are unchanged. 

d. The vacated cutting workshop is set up 
fin ished-parts storage. The problems that finished
products were bumped into and WIP was stacked 
irregularly caused by the lack of space are solved in the 
metal machining workshop.

The improved process chart of heating tank is 
showed in Fig.4. The improved plant layout and main 
production logistics are showed in Fig.5.
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Fig.3. The heating tank process chart (before improvement)
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Fig.5. Plant layout and main production logistics chart (after improvement)

III. ANALYSIS OF THE IMPROVED 
EFFECTIVENESS [7]

This section analyzes the effect of plant layout and 
facilities of the improved.

The operation statistics (as shown in Tab le II) before
the improvement and after it for the heating tank can be 
generated by Fig.3 and Fig.4.

Comparison between Table II (a) and (b) shows that 
the improvement of the heating tank production, 
transporting time was reduced from 24 t imes to 20,
transporting distance from 731 meters to 613, delay time
from 6 t imes to 5. Similarly, transporting time, distance 
and delay time of heating cylinder production were also 
reduced.

TABLE II
OPERATING STATISTICS OF HEATING TANK

(a) before improvement

Job Content

Operation

Inspection

Transportation

Storage

Delay

Time/minutes
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Distance/meters
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Frequency/times
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(b) after improvement
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Comparison between Fig.1 and Fig.5 shows that the 
long-distance roundabout main  production logistics of the 
heating tank is avoided and main production logistics of 
the heating cylinder is more smoothly after the 
improvement.

Labor costs, energy costs, loss and maintenance 
costs of handling equipment have reduced by the 
improvements. Single shift production capacity of the 
heating tank has been increased to 127 pieces per year 
from 108, the heating cylinder to 97 from 65. Production 
cycle is reduced, capital flow accelerated and product 
quality improved by the improvements. Annually, overall 
economic efficiency is increased of 1.1255 million RMB.

IV. DISCUSSION

Process analysis makes detailed records of the 
production site throughout the manufacturing process, 
and a detailed research and analysis of operations,
inspections, transportations, storages and delays of the 
entire manufacturing process, focusing on the analysis of 
the hidden waste for transport distance and waiting etc. [8].

The case above extended the improvement object of 
process analysis from process improvements and 
workshop facilit ies improvements [9] to the factory layout 
improvement and optimizat ion. It  is main ly to optimize 
plant layout, to achieve the reduction in the hidden waste
for transport distances and waiting t imes etc., in the case 
of the same production process .

The method of improvement is similar to the method 
of usual process analysis for the purpose of improving 
operation programs. It made adjustments on the basis of 
the flow chart of the program. The traditional analysis 
process made adjustment and optimizat ion of operation 
processes or workshop facility layout under the premise 
of plant layout set up. In this paper, however, the research 
of process analysis for the purpose of improving plant 
layout optimizes plant layout through analysis of the 
program, in the case of the production process is 
essentially the same.

Being spread out above, during the analysis process 
procedures, according to the specific circumstances of the 
enterprise, considering the status of the p lant facility 
layout, adjustment costs, and effectiveness adjusted, we 
timely  determine whether for needing improvement and 
optimization of p lant layout or not, namely  whether for
needing to achieve production operations improved, costs
reduced and efficiency improved by optimizing the plant 
layout or not.

Both improvement of plant layout based on the 
process analysis and SLP (or SSLP) are made with 
established production process . The former is simple and 
intuitive, its job step accords with general process 
analysis, but the later requires a more complex calculation 
and drawing [10]. In SMEs been all about logistics relation,
the implementation effects are the same of both.

Improvement of p lant layout based on the process 
analysis has the following characteristics: (1) the method 
is similar to traditional process analysis, (2) it is more 

simple and convenient than the SLP(or SSLP), (3) the 
improvement effect is similar to other methods,
production costs can be reduced effectively, production 
cycle shorten and production efficiency increased, and (4) 
to use other methods or cooperate with other methods will 
be still needful, in case of considering synthetic 
relationship is difficult due to production processes is 
different greatly, product variety more and batch similar.

V. CONCLUSION

The significance of this study is: (1) the application 
field of process analysis is extended, and (2) in addition 
to various existing methods of improving plant layout 
including the SLP, this new effective method can be
provided.

In summary, the process analysis can be applied in 
improving plant layout easily and effectively. It can be 
used for small and medium enterprises that their 
production processes are similar or production lot is
relatively concentrated in some kind of products. This 
method can effectively  reduce the plan cycle of
improvement formula and the computational workload. It 
can also reduce the cost and increase the efficiency of the 
improvement procedure.
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Abstract - This paper investigates and compares 
heuristic algorithms for the vehicle routing problem with 
time windows. Three heuristic algorithms were proposed 
firstly through combining three classic heuristic algorithms 
with the cross exchange method (cross) and the 2-opt 
exchange heuristic (2-opt) respectively. These proposed 
algorithms are then compared with the three classical 
algorithms based on publicly available benchmark problems. 
The comparison results show that the effectiveness of the 
proposed algorithms and their superiority to the classical 
algorithms.

Keywords - Algorithm comparison, heuristic algorithms, 
Solomon benchmark problem, vehicle routing problem with 
time windows

I. INTRODUCTION 
The vehicle routing problem with t ime windows 

(VRPTW) is developed based on the basic vehicle routing 
problem (VRP) through adding a time window constraints. 
Recently, with the development of e-commerce 
distribution, the academic research and practical 
application of vehicle routing problem with time windows
got much attention from industry and academia. 

A large number of papers have been published in the 
VRPTW area. Some researchers have provided 
comprehensive surveys [1-4]. Early research of VRPTW 
mainly includes exact algorithms and classical heuristic 
algorithms. At present, global optimal solutions to 
VRPTW can be barely found by exact algorithms except 
for small-scale problems [5-6]. When the problem size is 
bigger, heuristic algorithms are usually  used to find 
"nearly optimal solutions" or "satisfied solutions" since 
exact algorithms cannot find the optimal solutions within 
a reasonable time period. In  the literature, three classical 
heuristics are commonly used, which are the savings 
algorithm [7], the sweep algorithm [8] and the insertion 
algorithm [9].

The core idea of savings algorithm is  to combine 
two loop of the transportation problem into one circuit in 
turn, according to the princip le o f maximize the reduce of 
total distance. Optimize a new car until the current car 
arrived the load limit. Optimization process of savings 
algorithm can divide into parallel and serial manner. 

Sweep algorithm was proposed by Gillett and  Miller 
in 1974. Sweep algorithm has two phases of steps , which 
adopts polar coordinates to indicate the location of 
demand point, and then take a demand point as the 
starting point randomly, and make its Angle as zero. Then 
divide the service area according to the constraints of car 
capacity in clockwise or the reverse direction of the clock, 
and rank the demand points by Lin and Kernighan 

exchange method, thus to construct the vehicle route 
schedule. 

Insertion method is also called "farthest insertion 
method", which was proposed by Mole and Jameson in 
1976 for solving vehicle routing problem. This method 
combined the idea of approaching method and savings 
method, insert customers into path one by one to build 
distribution route. This method firstly put the farthest 
point of terminal as the seed point of route, then take the 
minimum insert value point as the next po int according to 
the concept of the adjacent point insertion method. Finally 
it decides the insert location according to the saving value 
generated from the general saving formula. Repeat the 
steps of selection and insert until vehicle capacity or time 
window is meet limit. 

Some researchers also developed a large number of 
intelligent heuristic algorithms to solve the VRPTW, such 
as tabu search, genetic algorithm, simulated annealing 
algorithm and ant colony algorithm. Braysy and Gendreau 
[10-11] reviewed classic heuristic algorithms and 
intelligent heuristic algorithms for the VRPTW. 

The classic heuristic algorithm seek satisfied  
solution by local search technology, it is simple and easy 
to realize, but easy to fall into local optimum.  The 
intelligent heuristic algorithms are inspired by the idea of 
artificial intelligence, some of which have the potentials 
of find ing globally optimal solutions through global 
search methods. However, the parameter settings of these 
algorithms are very complex and usually problem-
dependent. Unfortunately, the parameter settings have a 
greater in fluence on the performance of algorithm. It is 
thus hard for these algorithms to be used in practice. 

Comparing with intelligent heuristic algorithms, 
classical heuristic algorithms are usually easy-to-
understand and easy-to-implement. However, the 
comparison study on classical heuristic algorithms has  not 
been conducted before. 

This paper thus presents a comparison study on 
heuristic algorithms for the VRPTW. Three novel 
heuristic algorithms are proposed firstly by combining 
three classical heuristic algorithms with the cross and the 
2-opt respectively. The proposed algorithms are then 
evaluated and compared with the three classical 
algorithms based on publicly available benchmark 
problems.

The remainder of this paper is organized as follows. 
In section II, a  simple introduction and mathemat ical 
model of the vehicle routing problem with t ime windows 
(VRPTW) is given. Three new heuristic algorithms are 
presented in section III. In section IV, we analyzed and 
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compared the experiment results of the proposed 
algorithms and three classical algorithms. Concluding 
remarks, along with further research possibilities are 
given in the final section.  

II. VEHICLE ROUTING PROBLEM WITH TIME 
WINDOWS 

The VRPTW is an extension of the classical VRP. In  
the VRPTW, nodes are associated with more properties, 
and the solution has to satisfy more constraints. A service 
time is s considered; therefore, the vehicle has to stay at 

the location of customer ic for a time interval at  least is
( 0 0s is associated with the depot 0c ) for service. A 

time window e ,i il during which the service has to start 
is considered. Therefore, when a vehicle arrives at 
customer ci earlier than ie , it has to wait until the 
beginning of the time window to serve the customer. On 
the other hand, if a  vehicle cannot arrive at ci  before il ,

the vehicle cannot serve ci . At this time, customer ci

should be served by another vehicle. For depot 0c , the 

time window is defined as that 0e  is the earliest start time, 

and 0l  is the latest return time of all the vehicles. The 
VRPTW has two objectives. The primary objective is to 
minimize the number of the vehicle routes  V. The 
secondary objective is to minimize the total TD with the 
same number of routes. 

The VRPTW can be stated mathemat ically as 
follows. 

Define variables 
1, if vehicle k travels directly from i to j 
0, otherwise

k
ijx

1, if customer i is served by vehicle k
0, otherwise

k
jy

The goal of the VRPTW is to minimize 

1min Z v                                    (1) 

2
0 0 1

min *
n n v

k
ij ij

i j k
Z t x

                       (2) 
s.t. 

0
1, , 1,

n
k k
ij j

i
x y k v j nv j n, 1,,,,

                (3) 

0
1, , 1,

n
k k
ij i

j
x y k v i nv i n, 1,,,,

                (4) 

0
* 1,

n
k
j i

i
x q k vv

                       (5) 

1
1 1,

v
k
j

k
y i nn

                         (6) 

0
1

v
k

k
y v

                              (7) 
, 0,1, ,i i i ij jt w s t t i j n i ji j, i,        (8) 

0,1,i i ie t l j nn                       (9) 
max ,0 0,1,i i iw e t j nn               (10) 

Objective (1) minimize the number of the vehicle 
routes v . Objective  (2) minimize the total TD with the 
same number of routes . Constraint (3)-(4) denotes that 
every route only one vehicle pass. Constraint (5) denotes 
that the quantity of goods that each vehicle carries  could 
not exceed  the capacity. Constraint (6) stands for that 
each customer can only be served by one vehicle. 
Constraint (7) represents that all the routes start from the 
depot. Formulas (8) (10) define the time window 
constraint, where it  is the time when the vehicle arrives 

at node i ; iw  is the wait ing time of a vehicle at  the 

customer location until the time ie ; is  is the service t ime; 

and ijt  is the travel time between nodes i  and j . 

III. NEW HEURISTIC ALGORITHMS 

This section describes how to develop the three new 
heuristic algorithms for the VRPTW by combining 
savings, sweep or insertion algorithms with 2 - opt and 
cross method respectively. 

Fig. 1 shows the flowchart  of the improved savings 
algorithm. The procedures involved are described below: 

Step 1. Intializat ion: Generate in itial solutions 
through savings algorithm; 

Step 2. Crossover: Choose an initial path from the 
initial solution, and operate cross with another initial path; 

Step 3. 2-opt Operat ion: Operate 2-opt to two new 
paths generated cross crossover operation respectively, 
find two new path with shortest total length; 

Step 4. Judgment of total length: While the total 
length of the two new paths is shorter than the total length 
of step 2, replace the initial path with new path; while the 
total length of the two new paths isn't shorter than the 
total length of initial solution, retain the initial path; 

Step 5. Judgment of crossover: Check whether the 
cross crossover operation has come to an end. If it's not 
true, return to step 3; if it's true, carry out step 6; 

Step 6. Judgment of in itializat ion: Check whether 
the entire in itial path had carried out cross crossover 
operation between every two paths. If it's not true, return 
step 2; if it's true, output the final solution. 

Comparing with the improved savings algorithm, the
improved sweep algorithm and the improved insertion 
algorithm have the same procedures except for Step 1. 
The two improved algorithms generate init ial solutions by 
using sweep and insertion algorithms respectively in Step 
1.  
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Fig.1. Flow chart of the improved algorithm

IV. COMPARISON EXPERIMENTS 

In this part, we will analyze and compare the 
experiment results of three algorithms, and the data of 
experiment is from Solomon benchmark problem 
(http://web.cba.neu.edu/~msolomon/problems.htm). The 
Solomon benchmark problem includes six different types, 
totally conclude 56 data sets, and each data set consists of 
a parking yard, 100 customers. Data set C concludes a 
relatively concentrated customer base, data set R 
concludes some randomly d istributed customers, and 
customers in the data RC concludes both relatively 
concentrated customer and randomly  distributed customer. 
Data sets R1, C1 and RC1 has a relatively narrow time 

window and the smaller car capacity, so a truck service 
only fewer customers; data sets R2, C2, and RC2 have 
relatively loose time window and larger vehicle capacity, 
so they can serve more customers. 

A. Comparative analysis between the three algorithms 
Here we only selected the R101 and R103 testing 

data set to test in account of the convenience, each data 
set test the top 25 customers, top 50 customers and 100 
customers respectively. NV refers to the number of 
required vehicles, and TD refers to general travel distance. 

The results generate from the three algorithms which 
haven't improved with cross crossover operation and 2 - 
opt operation as shown in Tab le I. A lthough the 
difference of total travel length of three algorithms is not 
huge, but the number of required  vehicle has great 
differences between three algorithms. In the problem of 
R101, insertion algorithm needs the least number of 
vehicles, the second one is savings algorithm, and sweep 
algorithm needs most vehicles; In R103 problem, 
insertion algorithm needs least vehicle, savings algorithm 
and sweep algorithm need the same vehicles. 

TABLE I 
RESULT COMPARING BETWEEN THREE UNIMPROVED 

ALGORITHMS 

Problem NV TD NV TD NV TD
R101.25
R101.50

R101.100
R103.25
R103.50

R103.100

Savings Insertion Sweep

The results generate from the three algorithms which 
improved with cross and 2-opt as shown in Table II. 
Compared with Table I, we can know that the results of 
three improved heuristic algorithm has significantly 
increased, and the vehicle number and travel distance of 
three algorithm is very close, only a little different. 

TABLE II 
RESULT COMPARING BETWEEW THREE IMPROVED 

ALGORITHMS 

Problem NV TD NV TD NV TD

R101.25 9 673.7 8 646.1 8 655

R101.50 12 1153.2 12 1151.2 13 1209.4

R101.100 21 1842.5 21 1806.4 22 1886.9

R103.25 5 501.6 5 522 5 489.5

R103.50 9 856.7 8 883.7 10 917.9

R103.100 16 1373.8 16 1409.8 16 1377.4

Improved savings Improved insertionImproved sweep

Through comparison between Table I and Table II, 
we can know that, insertion algorithm performance better 
before improved with cross and 2-opt, and after improved 
with 2-opt and cross the results have promote a lot and 
there is no significant d ifferences between the final results 
generated from three kinds of algorithm. That is to say, 

Start

Initialization

Crossover
Operation

2-opt
Operation

Judgment of 
total length

Replacement Retention

Judgment of 
crossover

Judgment of 
initialization

End

Yes No

No

Yes

No

Yes
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after generated an initial solution through insertion, 
savings and sweep algorithm and through improve with 
cross and 2-opt, we can get excellent and consistent 
solutions. 

B. Comparison between the results generated from three 
improved algorithms and optimal solution in history 

Since Solomon benchmark problem was published 
in 1987, many scholars test the algorithm using the 
baseline data, and the current optimal solution of 56 data 
sets the current optimal solution was published in the 
website of Solomon benchmark problem 
(http://web.cba.neu.edu/~msolomon/problems.htm).

Those current optimal solutions generated from 23 
different algorithms, contains both accurate algorithm and 
heuristic algorithm. 

Solomon benchmark problem includes six different 
types, totally 56 data sets. In  consideration of our study is 
still ongoing, this paper randomly selected data sets R1, 
C1 and RC1 of Solomon benchmark problem, generated 
results through improved inserting algorithm, and 
compare the results with the current optimal solution, the 
comparison results as shown in Table III.

As shown in Table III, we can know that there 
almost unanimously between the solution generated from 
improved insertion algorithm (IS) with best known 
solution (BS). Compared with the best known solution,
the solution generated from improved insertion algorithm 
only different in vehicle number V of question 
RC102.100, and the total travel distance only deviation 
between 0.19% and 12.34%.

TABLE III 
COMPARISON BETWEEN IMPROVED INSERTION ALGORITHM 

AND CURRENT OPTIMAL SOLUTION OF SLOMON 
BENCHMARK PROBLEM 

Problem NV TD NV TD V D

R101.100 20 1637.7 20 1797.4 0 9.75%

R103.100 14 1208.7 14 1357.8 0 12.34%

R109.100 13 1146.9 13 1220.4 0 6.41%

C101.100 10 827.3 10 828.9 0 0.19%

C106.100 10 827.3 10 828.9 0 0.19%

C107.100 10 827.3 10 828.9 0 0.19%

RC102.100 14 1457.4 15 1610.5 1 10.51%

RC107.100 12 1207.8 12 1301.6 0 7.77%

RC108.100 11 1114.2 11 1215.5 0 9.09%

BS IS Deviation

V. CONCLUSION 

Three heuristic algorithms were proposed firstly 
through combining three classic heuristic algorithms with 
the cross exchange method (cross) and the 2-opt exchange 
heuristic(2-opt) respectively, and those three algorithms 
solve the vehicle routing problem with time windows 
effectively. Th is is the first time to solve vehicle routing 
problem with time windows by combining classical 
heuristic algorithms with 2 - opt and cross. And we can 

significantly increased compared with the original 
algorithm by using Solomon benchmark problems as test 
problems. Furthermore, we found that the solutions 
generated by the 3 proposed algorithms were only slightly 
inferior to the best known solutions, which shows that the 
proposed algorithms are effective alternatives for the 
VRPTW. 

In future studies, we will further optimize the three 
proposed algorithms, and compare them with intelligent 
heuristic algorithms as well. 
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Abstract - With the continuous development of steel 
processing and distribution business, a reasonable order 
allocation among processing centers is an important means 
to save costs and improve the competitiveness for steel 
enterprises group. Aiming at this goal, a mathematical 
model was established to allocate orders by taking minimum 
costs of the enterprises group as the objective. In the model, 
the factors, such as production costs, transportation costs, 
orders delay costs etc. Genetic Algorithms was applied to 
deal with the model. A numerical example was used to verify 
the feasibility of the proposed approach. The results indicate 
that the proposed model and the algorithm can obtain 
satisfactory solutions. Orders allocation will provide 
effective production planning for the processing centers and 
help to optimize the steel enterprises group's overall 
resources and avoid vicious competition between the various 
processing centers.

Keywords - Genetic algorithms, order allocation, steel 
processing and distribution, steel enterprises group  

I. INTRODUCTION 
 With the continuous development of steel processing 
and distribution industries, processing centers increasing, 
customers' demand widely distributed, products also 
increased along with the diversified range of customers' 
demand. According to  the diversity and frequency 
demands and the capacity of each processing center, steel 
enterprises group needs a reasonable allocation of orders 
that enable to spend a minimum cost. 
 Domestic and foreign scholars have done a large 
number of studies in order allocation methods. Duenyas  [1] 

and Keskinocak [2] earlier to research this problem, 
proposed the capacity constraints queuing strategy. In Ji 
Xiao- [3], the factors, including production 
costs, transportation costs, inventory costs, orders delay 
costs etc, that affect the order allocation. She proposed a 
mixed integer linear programming model fo r orders 
dispatching in a supply chain with  mult i-product mult i-
order, and multi-period. XIANG Jinqian et al. studied the 
allocation of horizontal conglomerate's orders. A 0-1
programming model was established by taking maximum 
profit as the objective, in the model the factors, such as 
stock share, capital costs and operation fixed costs are 
taken into account [4]. LIU Xiaobing established a multi 
objective optimization model which maximize the total 
demands of assigned orders and the overall profits of 
enterprises group [5]. CHENG Fang-qi [6] and XIANG Wei
[7] proposed an approach to proportionally allocate order
based on the criterion of production load rate equilibrium. 
At the same time, XIANG Wei considered the uncertainty 
of demand and production capacity of enterprise actual 

operating process. The model which is built by JIANG 
Da-kui minimized  a weight sum of the total lead  time and 
the total cost. Meanwhile, he developed an integrated 
approach integrating tabu search and dynamic 
programming method to solve the problem [8]. Salman and 
others introduced the fuzzy  theory, mathematics method, 
and intelligent algorithm in their literature [9-13]. 
 Through the study of domestic and foreign literatures 
on this problem, considering the actual production 
capacity of enterprises and different product categories, 
an order allocation model is established in this paper. 

II. PROBLEM DESCRIPTION 
 The multi-demand order allocation problem is a 

complex issue, which involves a number of centers, 
dozens of products and a lot of customers. Since the 
center location, the management level, as well as the 
differences in production lines, each processing center 
resulted in different types of products, even the same 
product, the production time, p roduction costs and 
transportation costs are not the same in  different centers. 
Assume that the internal and the external environment of 
centers are all in normal, production planning are 
arranged by orders without considering the lead time. In 
this context, assumes a planning cycle [1, T], order 
allocation shall be carried out with the cycle, the 
subsequent modeling process is also for the plan period. 
The orders to allocate in planning cycle are orders 
received from the previous cycle [14]. 

According to the characteristics of steel processing, we 
should as far as possible to reduce the processing waiting 
time and equipment downtime. Then assuming the 
production process must not be interrupted and the 
production planning are scheduled by EDD rules . 

III. MODEL DEVELOPMENT

A. ASSUMPTIONS  

 Assuming there are a number of steel processing and 
distribution centers, located in different locations . The 

Production costs of the same product in different centers 
are not the same.
 The known data in  the model include the distances 
from centers to customers and the transport prices at 
different 

centers. The detailed order demands . 

Research on Order Allocation Problem with Multi-demand in Steel Processing 
and Distribution Centers

Fang-ping XU*, Wen-ying DING
Department of Mechanical Engineering, University of Science and Technology Beijing, Beijing, China

(xufangping123123@126.com)

21st International Conference on Industrial Engineering and Engineering Management 2014 (IEEM 2014)

E. Qi et al. (eds.), Proceedings of the 21st International Conference on Industrial Engineering
and Engineering Management 2014, Proceedings of the International Conference on Industrial Engineering
and Engineering Management, DOI 10.2991/978-94-6239-102-4_ , © Atlantis Press and the authors 2015

261

55



 Several parameters and variables used in the order 
allocation model are expressed as follows: 

i = (1, 2, , I): Steel Processing and Distribution Center; 
j = (1, 2, , J): Customer Order;  
k  = (1, 2, , K): Product Category; 
s = (1-road, 2- railway): Mode of transportation; 
Cik: Unit production costs of product k  in center i; 
Gjk: Demand of product k  in order j; 
Pijs: The base price from center i to customer j as the 
mode of transport is s; 
Fijs: The transport rates from center i to customer j as the 
mode of transport is  s; 
Dij: The distance from center i to customer j; 
Tj: The delivery date of order j; 
t'ijk:Production start in center i for product k  order j; 

tijk: the end of production for product k  in order j; 
jk: Delay penalty coefficient for product k  in order j; 

Wi (t):Nominal capacity of center i at period t; 
ik: Nominal capacity coefficient for product k  in center i; 

gijk (t): Order quantity for product k  allocated from order j
to center i at period t. 

B. MATHEMATICAL MODEL 

1) The objective function: The main  objective of this 
study is to spend a minimum total cost of the enterprises 
group, including the production and processing costs, 
transportation costs and orders delay costs , as in (1). 

2) Constraints: Constraints limit the problem, 

capacity of each period. Subject to (2)-(5): 

Where, tijk= t’ijk+N                                                         (6) 

Equation (2) is the product k  in order j will be or not 
produced in center I; 
Equation (3) shows an order of a product can only be 
done by a competent center; 
Equation (4) represents an order for a product in the 
production time, the arranged production is equal to the 
quantity of the order. 
Equation (5) represents the arranged production for a 
center is greater than or equal to  zero and  less than or 
equal to its nominal capacity in a period. 

IV. SOLVING BY GENETIC ALGORITHMS 

 As the number of variables in the model is very  large, 
it is difficult to solve by the traditional precise algorithm. 
Genetic algorithm (GA) is an effect ive method to solve 
such problems. Compared with other traditional 
optimization algorithm, genetic algorithm has strong 
global search capability. It can quickly search out the 
global optimal solution from the solution space [15]. 

 Real number coding is adopted to solve this problem. 
The length of a chromosome is the amount of order 
demands which is not a fixed value. Genic value is the 
number of a center which is allocate to the demand. 
Therefore a chromosome represents an order allocation 
scheme. 
 The init ial population is represented by a matrix: 
assuming the number o f demands is J, the number of 
centers is  I. Then the genetic value of each chromosome is 
a random positive integer between 1and I. When the 
population size is N, the init ial population is represented
by the matrix as shown in Fig.1. We must check the 
legitimacy of individuals in the population. 

Fig.1. initial population

 The reciprocal of the objective function is set as a 
fitness function, as in (8).
 Using the optimal preservation strategy and 
competition selection strategy as selection operator. 
Uniform crossover operator is used as  shown in Fig.2. Fig.2. Uniform crossover 
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Adopting single point mutation, a chromosome gene 
to mutate in a range corresponding is randomly selected. 
When an illegal indiv idual appeared, the original 
individual instead of the variant individual is retained to 
ensure the stability of population size. 

When the genetic algorithm achieves the maximum 
number of iterat ions, the operation is stopped and the 
results are outputted. 

Here is an example to illustrate the solution of the 
model. Assuming that a steel enterprises group has seven 
processing centers, five kinds of products, received eleven 
order demands in a planning cycle. Related information 
are shown in the Tab le I-VI. Set the population size: psize
= 15, mutation probability: Pm=0.1, crossover probability: 
Pc=0.9, maximum iterations: MaxGen=300. 

TABLE I 
THE PROCESSING PRICES 

Product Center
1 2 3 4 5 6 7

1 120 190 140 100 220 160
2 110 240 180 110 410
3 450 130 150 160 120
4 150 150 230 100 210
5 230 90 340 170 130 290

TABLE II 
THE NOMINAL CAPACITY COEFFICIENTS 

Product Center
1 2 3 4 5 6 7

1 0.8 0.9 0.6 0 1.3 1.3 1.2
2 0.9 0 0.9 0.8 0 1.2 1.1
3 0 0.7 0.9 1 1.1 1.1 0
4 1.1 0 1 0.9 1 0 0.9
5 0.7 1.1 0 0.7 1 0.9 0.8

TABLE III
THE NOMINAL CAPACITIES OF EACH PERIOD 

Time Center
1 2 3 4 5 6 7

1 20 16 30 12 25 17 30
2 25 20 31 21 23 20 29
3 50 20 20 32 18 36 12
4 33 10 26 12 40 11 26
5 17 14 33 15 17 40 19

TABLE IV
THE DISTANCE 

Customer Center
1 2 3 4 5 6 7

1 300 245 238 50 60 120 270
2 150 24 150 300 100 110 20
3 19 12 40 188 48 290 188
4 135 240 35 73 90 49 164
5 50 29 230 100 290 110 290

TABLE V 
THE DEMAND INFORMATION 

demand order Product quantity deadtime penalty transportation
1 1 1 70 1 2 1
2 1 2 60 4 5 2
3 1 5 50 4 6 2
4 2 3 90 5 2 2
5 2 1 60 2 4 1
6 3 2 50 4 3 1
7 3 4 20 1 5 2
8 4 2 100 1 6 2
9 4 5 50 2 2 1

10 4 3 70 5 3 1
11 5 4 50 5 6 2

TABLE VI
DELIVERY PRICES 

transportation Road railway
distance Basic rate Basic rate

0~50 1000 270 2500 250
50~100 1500 260 2600 240

100~150 2000 250 2700 230
150~200 2500 240 2800 220
200~250 3000 230 2900 210
250~300 3500 220 3000 200
300~350 4000 210 3100 190

 Run the genetic algorithm it  is concluded that the 
optimal result as shown in in Fig.3. The figures on the 
graph show the arrangement of production. The min imum 
total cost is 7398600. The order delay, including the 
demands of 1, 3, 5, 7, 8, 9. The changes of fitness value 
and least cost in the iterat ive process are shown 
respectively in Fig. 4 and 5. 

     

Fig.3. Results 

Fig.4. Fitness in different ages 

Fig.5. Changes of least  cost  
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V. CONCLUSION 

 The order allocation model takes the actual 
production capacity of centers and different demands of 
customers into account, which will solve the balance of 
group's production capacity and achieve a global 
optimization of resource. The enthusiasm to produce, as 
well as the ability to resist risks will be improved in the 
overall steel enterprises group. 
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Abstract - Based on global value chain, this paper builds 
manufacturing low-carbon technology innovation 
performance evaluation index system from the perspective of 
innovation input and output, then analyzes Chinese 
manufacturing low-carbon technology innovation 
performance in the global value chain with data reduction 
factor (DRF) and data envelopment analysis (DEA). The 
results show that there is a large difference among low-
carbon technology innovation performance of 
manufacturing industries, and technical efficiency is not high. 
Resource allocation efficiency of Chinese manufacturing 
low-carbon technology innovation in the global value chain is 
low. And most manufacturing industries are in the 
increasing returns stage of scale, manufacturing industries 
should increase investment in low-carbon technology 
innovation, and improve the efficiency of resource allocation. 

Keywords - Global value chain, low-carbon technology, 
low-carbon technology innovation performance 

I. INTRODUCTION 
Global value chain is a global business network 

across the organization to realize the value of goods or 
services [1], and bring new impetus for the current world 
economy. The manufacturing countries have comparative 
advantages to participate in international economic 
production, to complete one or several aspects of 
commodity production process [2]. However, the value-
added capabilities of different aspects are vary [3], the 
division of global value chain resulted in uneven 
economic development, environmental pollution transfer 
and other issues among countries. Since the signing of 
“United Nations Framework Convention on Climate 
Change” in June 1992, global climate change has become 
a world problem that must be considered when nations 
develop economy. Under the dual pressures of energy 
constraint and greenhouse gas emissions reduction, 
governments have introduced corresponding policies 
about energy consumption and greenhouse gas reduction, 
researched and developed the application of low-carbon 
technologies. Chinese manufacturing industries have 
rapidly developed along with a lot of energy consumption 
and greenhouse gas emissions, from the overall 
distribution of the global value chain perspective, Chinese 
manufacturing is at the low end of the value chain [4], and 
in response to climate change and environmental pollution, 
Chinese manufacturing lacks key green technology, 
especially low-carbon technology. In order to avoid being 
manipulated by others, it is necessary to choose the path 
of innovation and development of low-carbon technology. 
Therefore, the study of manufacturing low-carbon 
technology innovation performance in the global value 
chain provides a theoretical basis for the value upgrading 

of Chinese manufacturing in the global value chain and 
sustainable development, has important practical 
significance for Chinese economic and social 
development. 

II. LITERATURE REVIEW 
 Carlo Pietrobelli (2011) studied the relationship 
between the global value chain and innovation system, 
thought that the relationship between the global value 
chain and innovation system is nonlinear, endogenous and 
mutual influence; the internal governance of global value 
chain is a dynamic phenomenon, constantly adjusts and 
changes, and the innovation system impacts this 
collaboration [5]. Gary Gereffi (2006) pointed out that 
although developing countries are at the low end part 
initially, it did not mean they will be forever locked in this 
link, the upgrading of global value chain depends on three 
variables: the complexity of transactions, the ability to 
codify transactions, and the capabilities of suppliers [6].
Sun (2010) further pointed out that companies in 
emerging economies should focus on product innovation, 
research and development, marketing and brand, rather 
than the OEM / ODM of global value chain, to increase 
their competitiveness, and then to shift the high-end 
position of global value chain [7]. NISHITANI K (2012) 
discussed the impact of greenhouse gas emissions 
reduction on firm value, thought that reducing more 
greenhouse gas emissions, companies are more likely to 
enhance corporate value [8]. Park (2009) researched that 
there was competition in manufacturing-related industry 
sectors, the development of energy-saving technology is 
also very important, and energy-saving and new 
technologies in the industrial sector have become the main 
driver for economic growth in the next generation [9].
Xiong-feng PAN (2011) indicated manufacturing should 
actively  research and develop low-carbon technologies, 
while optimizing the industrial structure, and then the 
manufacturing industry structure upgrades to scale, low-
carbon and high-end [10]. Bettencourt (2013) pointed out 
the growing of low-carbon energy technology market is 
not fast and economic opportunities promote patents and 
knowledge creation. It should be emphasized low-carbon 
energy technology market, market prices and policies 
affect carbon emission performance [11].

III. PROCESS ANALYSIS OF MANUFACTURING 
LOW-CARBON TECHNOLOGY INNOVATION IN 

THE GLOBAL VALUE CHAIN

The profit in the global value chain is not evenly 
distributed, and main profits flow to two ends of the value 
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chain. The one end is R&D and design, and the other end 
is brand and marketing, while the middle part is 
manufacturing [12]. Also, some researchers found that the 
global value chain and carbon emissions had an inverse 
relationship, and the carbon emissions of manufacturing 
sector is more large [13], while the R&D and marketing 
aspects are relatively little [14]. Kline S.J and N. Rosenberg 
(1986) proposed chain model of innovative, thought that 
the main chain of the innovation process are potential 
market, the inventor/production probe analysis, detailed 
design and testing, re-design and production, and the 
market [15]. Technology innovation is the entire process 
from R&D to production, sales and realizing the market 
value, emphasizing the process and results [16]. It shows 
that the R&D, manufacturing, and marketing are 
important stages of the innovation process. Therefore, 
based on the above analysis, this paper divides 
manufacturing low-carbon technology innovation into 
three main stages by process in the global value chain, 
including global low-carbon R&D, global low-carbon 
manufacturing, global low-carbon marketing. 

Griffith (2004) pointed out that R&D through 
innovation directly or technology transfer indirectly 
promotes growth [17]. Only through R&D of low-carbon 
technology innovation, it is possibility to take the science 
and technology knowledge into new products (processes, 
services) on the basis of absorbing advanced scientific 
achievements. The manufacturing of low-carbon 
technology innovation refers to transforming innovation 
achievements into products (processes, services) meeting 
the design requirements, and the majority components of 
manufacturing capacity play a key role for innovation 
performance [18]. The key criterion to judge the success of 
manufacturing low-carbon technology innovation is the 
extent of low-carbon products (processes, services) 
market realizing. The ability of marketing influences the 
low-carbon technology innovation transforming into 
commercial products [19], and is the key ability to link the 
products and consumers. According to global carbon three 
main stages which are global low-carbon R&D, 
manufacturing and marketing, the manufacturing low-
carbon technology innovation performance in the global 
value chain under different stages of the innovation 
process are as follows: the global low-carbon R&D 
performance, global low-carbon manufacturing 
performance, global low-carbon marketing performance. 

IV. THE BUILDING OF MANUFACTURING LOW-
CARBON TECHNOLOGY INNOVATION 

PERFORMANCE EVALUATION SYSTEM IN THE 
GLOBAL VALUE CHAIN 

A. The Principle of Constructing 
Based on a global value chain perspective, this paper 

combines the characteristics of manufacturing low-carbon 
technology innovation performance, and indicators are 
selected considering the following four basic principles.  

1) Scientific principle: Based on global value chain 
perspective, the manufacturing low-carbon technology 

innovation performance evaluation system scientifically 
summarizes low-carbon technology innovation process, 
and scientifically and standardizedly reveals low-carbon 
technology innovation performance.  

2) Objectivity principle: Data obtained for 
manufacturing low-carbon technology innovation 
performance evaluation must be from reliable sources, 
really objective and minimize the subjective in the 
evaluation process to ensure the authenticity and accuracy 
of evaluation findings.  

3) Systematic principle: Keep index system 
hierarchical, holistic and comprehensive to form a perfect 
indicator system. It is necessary to consider the different 
properties of different levels in the selection of indicators.  

4) Importance principle: Ensuring index system 
systematic, comprehensive, it should seize the key factors 
that reflect the performance of low-carbon technology 
innovation, in order to evaluate Chinese manufacturing 
low-carbon technology innovation performance accurately 
and concisely.  

B. Index System 
According to the construction principles, and 

considering low-carbon technology innovation process 
from inputs to outputs throughout the whole event, 
establish appropriate evaluation system from the low-
carbon technology innovation R&D, manufacturing, and 
marketing. As shown in Table I. 

TABLE I  
EVALUATION SYSTEM OF MANUFACTURING LOW-CARBON 

TECHNOLOGY INNOVATION PERFORMANCE IN THE GLOBAL 
VALUE CHAIN 

Dimension Index layer

Input 

personnel input intensity of manufacturing global 
low-carbon technology innovation  
fund input intensity of manufacturing global low-
carbon technology innovation 
the scale of foreign direct investment in 
manufacturing low-carbon technology innovation 
manufacturing worldwide carbon products (processes, 
services) production scale 
the degree of manufacturing worldwide carbon 
products (processes, services) using the existing 
international marketing channels 
he globalized degree of manufacturing low-carbon 
supply chain 

Output 

the effective international patent authorization 
number of manufacturing low-carbon technology 
manufacturing fossil energy consumption per unit of 
output in the global value chain 
manufacturing carbon intensity in international trade 
manufacturing international cooperation carbon 
capture and sequestration extent 
the proportion of low-carbon technology outputs 
account for the output value in manufacturing of 
international cooperation 
the growth rate of low-carbon transformation rate in 
manufacturing industry of international cooperation 
the share of manufacturing carbon products 
(processes, services) in the international market 
the total export of manufacturing global carbon 
products (processes, services) 
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V. THE EVALUATION OF CHINESE 
MANUFACTURING LOW-CARBON TECHNOLOGY 

INNOVATION PERFORMANCE IN THE GLOBAL 
VALUE CHAIN 

A. EVALUATION MODEL 
Firstly, based on the global value chain perspective, 

this paper uses data envelopment analysis to calculate 
Chinese manufacturing low-carbon technology innovation 
performance. The efficiency value calculated with C2R
model, BC2 model can decompose it into pure technical 
efficiency (PTE) and scale efficiency (SE), in order to 
understand whether the reason causing the lack of 
efficiency is pure technical efficiency or scale efficiency 
[20]. Meanwhile DEA has two modes: input-oriented and 
output-oriented approach. Input-oriented model is the 
volume of outputs at a fixed premise to properly regulate 
and control inputs, and output-oriented model is the 
volume of inputs at fixed inputs to properly regulate and 
control outputs [21]. Considering the background of the 
global value chain, the characteristics of low-carbon 
technology innovation data, difficulty treatment, results 
analysis and other factors in manufacturing low-carbon 
technology innovation performance evulation, input 
control is easier than output control. Therefore, this paper 
selects BC2 with input-oriented model. But when there is 
a strong linear relationship among the input or output 
indicators of manufacturing industry, it may reduce the 
credibility of evulation results. In order to avoid this 
situation, data reduction factor can be performed firstly [22].
Data reduction factor is a statistical technique that extracts 
the common factors from the variable group, with less 
several factors reflecting most information of the original 
variables and eliminating the correlation between 
variables. 

B. DATA SYSTEM 
Since innovation from input to the commercialization 

of new patents and new products (processes, services) 
usually requires a certain period, which means a lag from 
input to output. Some scholars believe innovation from 
input to output delays one year [23], some scholars believe 
that it delays two year [21]. Considering economic, 
ecological and social effects that low-carbon technology 
innovation brings, this paper chooses two years as the lag 
period, selects the 2007-2009 data as low-carbon 
technology innovation input, and the corresponding 2009-
2011 data as low-carbon technology innovation output. In 
this paper, the source of data comes from Statistical 
Yearbooks, various development reports and authoritative 
press information and retrieval systems. This paper selects 
29 manufacturing industries DMUs as empirical study 
except “Waste resources and materials recycling industry”. 
The study objects and codes:1 Processing of food from 
agricultural products; 2 Manufacture of foods; 3 
Manufacture of beverages; 4 Manufacture of tobacco; 5 
Manufacture of textile; 6 Manufacture of textile wearing 
apparel, footware, and caps; 7 Manufacture of leather, fur, 
feather and related products ; 8 Processing of Timber, 

Manufacture of wood, bamboo, rattan, palm, and straw 
products ; 9 Manufacture of furniture; 10 Manufacture of 
paper and paper products; 11 Printing, reproduction of 
recording media; 12 Manufacture of articles for culture, 
education and sport activity; 13 Processing of petroleum, 
coking, processing of nuclear fuel; 14 Manufacture of raw 
chemical materials and chemical products; 15 
Manufacture of medicines; 16 Manufacture of chemical 
fibers; 17 Manufacture of rubber; 18 Manufacture of 
plastics; 19 Manufacture of non-metallic mineral products; 
20 Smelting and pressing of ferrous metals; 21 Smelting 
and pressing of non-ferrous metals; 22 Manufacture of 
metal products; 23 Manufacture of general purpose 
machinery; 24 Manufacture of special purpose machinery; 
25 Manufacture of transport equipment; 26 Manufacture 
of electrical machinery and equipment; 27 Manufacture of 
communication equipment, computers and other 
electronic equipment; 28 Manufacture of measuring 
instruments and machinery for cultural activity, office 
work; 29 Artwork and other manufacturing. 

C. EVALUATION PROCESS 
1) Factor analysis: Based on low-carbon technology 

innovation performance indicator system previously built 
and the original data, SPSS21.0 software is used to 
normalize all the original data, and then factor analysis. 
Manufacturing fossil energy consumption per unit of 
output in the global value chain, and manufacturing 
carbon intensity in international trade are negative 
indicators. Therefore, this paper uses linear conversion 
method to ensure the positive terms unity of output [24].
Specific formula is: 

                       m ax
1

Y Y Yij ij jj m
                     (1) 

Firstly, this paper tests KMO values, Bartlett's 
sphericity test and an explanation of the total variance are 
shown in Table II. 

TABLE II  
THE KMO AND BARTLETT'S TEST 

2007
input

2009 
output 

2008 
input 

2010
output

2009
input

2011
output

KMO measure of sampling 
sufficient 0.660 0.587 0.583 0.536 0.753 0.638

Bartlett's test 
of sphericity

Appro-ximate 
chi-square 456.075 536.948 453.024 536.948 520.734 583.34 

df 15 28 15 28 15 28
Sig 0.000 0.000 0.000 0.000 0.000 0.000

KMO values are bigger than 0.5, the probability of 
Bartlett's sphericity test is 0.000, less than the significance 
level of 0.01, which means that there is a correlation 
among the original indexs, and is suitable for factor 
analysis. This paper selects eigenvalues greater than 1 as 
the standard of choosing factors. Principal component 
method is used to extract common factors of inputs and 
output indicators. The cumulative variance contribution 
rate of input indicators respectively reach 98.868%, 
98.330%, 94.071%, and two input public factors extracted 
can illustrate all the variables. Using the same method to 
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extract two output common factors, and the cumulative 
variance contribution rate reach 85.824%, 83.032%, 
80.558%, covering almost all of the information, and the 
extraction effect is obvious. 

2) Data envelopment analysis: Because BC2 model 
requires data is greater than 0 and input, output indicators 
that have negative score value, it cannot directly use the 
DEA model for performance analysis. Firstly data is 
normalizated by efficacy coefficient method [22], in order 
to avoid the impact of negative on the calculation. 
Specific formula is: 

m in
1

0 .1 0 .9 m ax m in
11

V Vij jj m
Vij V Vj jj mj m

       (2) 

29 manufacturing industries are decision making units 
(

0jD M U ),
jx  represents input of the manufacturing 

industries, 
jy represents output of the manufacturing 

industries. Input and output meet: 
, 0 , 1 , , ;

, 0 , 1 , , .

m

j j
s

j j

x E x j n

y E y j n

L

L

m  and s denote the number of manufacturing 
industries input and output index, n is the number of 
decision making units, namely the number of 
manufacturing industries. 

Corresponding linear programming: 
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Its dual planning: 
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Introducing slack variables, s , s  represent 
redundant input value and insufficient output value, the 
dual linear programming as follows: 

        M in                                    (5) 
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                (6) 

Using the normalized inputs, outputs data as basis, 
this paper uses DEAP2.1 software with input-oriented 
BC2 model to calculate the efficiency value, and then 
analyzes low-carbon technology innovation performance 
of Chinese manufacturing in the global value chain. The 
results are shown in Table III. 

TABLE III  
THE EVALUATION RESULTS OF CHINESE MANUFACTURING 
LOW-CARBON TECHNOLOGY INNOVATION PERFORMANCE 

IN THE GLOBAL VALUE CHAIN 
Dmu 2007-2009 2008-2010 2009-2011 

 Te Pte Se Rs Te Pte Se Rs Te Pte Se Rs 
1 0.6650.990 0.672 irs 0.90 0.995 0.910 irs 0.81 0.998 0.816 irs 
2 1.0001.000 1.000 - 0.75 0.982 0.764 irs 0.57 0.992 0.574 irs 
3 0.5831.000 0.583 irs 1.00 1.000 1.000 - 0.58 0.982 0.600 irs 
4 0.7801.000 0.780 irs 0.91 1.000 0.919 irs 0.79 0.998 0.794 irs 
5 0.7120.997 0.714 irs 0.81 1.000 0.818 irs 0.83 1.000 0.836 irs 
6 0.6791.000 0.679 irs 0.73 0.987 0.743 irs 0.79 0.999 0.800 irs 
7 0.7221.000 0.722 irs 0.79 1.000 0.798 irs 0.80 0.999 0.802 irs 
8 0.5891.000 0.589 irs 0.74 0.981 0.759 irs 0.70 0.997 0.705 irs 
9 0.7410.991 0.748 irs 0.76 1.000 0.767 irs 0.67 0.995 0.677 irs 
10 0.5091.000 0.509 irs 0.75 0.950 0.798 irs 0.74 0.998 0.745 irs 
11 0.7481.000 0.748 irs 0.73 0.986 0.748 irs 0.69 1.000 0.694 irs 
12 0.6740.985 0.685 irs 0.72 0.973 0.742 irs 0.71 0.999 0.710 irs 
13 1.0001.000 1.000 - 0.75 1.000 0.753 drs 0.67 1.000 0.677 drs 
14 0.7350.741 0.992 drs 0.86 0.998 0.865 drs 1.00 1.000 1.000 - 
15 0.7500.980 0.766 irs 0.74 0.978 0.762 irs 0.54 1.000 0.546 irs 
16 0.6090.995 0.612 irs 0.74 0.998 0.750 irs 0.74 0.999 0.748 irs 
17 0.5480.944 0.581 irs 0.76 1.000 0.768 irs 0.59 1.000 0.590 irs 
18 0.5690.958 0.594 irs 0.74 0.964 0.770 irs 0.64 0.997 0.643 irs 
19 1.0001.000 1.000 - 0.89 1.000 0.893 irs 0.99 1.000 0.997 irs 
20 1.0001.000 1.000 - 1.00 1.000 1.000 - 1.00 1.000 1.000 - 
21 0.6951.000 0.695 irs 0.81 0.961 0.850 irs 0.64 0.950 0.677 irs 
22 0.7771.000 0.777 irs 0.80 0.982 0.820 irs 0.66 0.993 0.674 irs 
23 0.8850.955 0.926 drs 0.71 0.813 0.884 drs 1.00 1.000 1.000 - 
24 0.8301.000 0.830 irs 0.89 0.996 0.893 irs 0.76 1.000 0.766 irs 
25 0.6750.840 0.803 irs 0.76 0.792 0.971 irs 0.83 0.935 0.895 irs 
26 1.0001.000 1.000 - 0.94 1.000 0.947 drs 1.00 1.000 1.000 - 
27 1.0001.000 1.000 - 1.00 1.000 1.000 - 1.00 1.000 1.000 - 
28 1.0001.000 1.000 - 1.00 1.000 1.000 - 0.94 1.000 0.941 irs 
29 0.8240.998 0.827 irs 0.81 1.000 0.810 irs 0.79 0.999 0.791 irs 

D. DISCUSSION 
Based on the value changes and overall efficiency of 

2007-2009, 2008-2010, 2009-2011, and according to the 
average of comprehensive technical efficiency, Chinese 
manufacturing low-carbon technology innovation 
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performance in the global value chain is divided into four 
levels.  

Comprehensive technical efficiency value is equal 
with 1, which belongs to the highest performance 
industries, including smelting and pressing of ferrous 
metals industry, manufacture of communication 
equipment, computers and other electronic equipment 
industry. Although smelting and pressing of ferrous 
metals industry is high energy consumption and pollution, 
but has a higher low-carbon technology innovation input 
and corresponding higher level of output. Communication 
equipment, computers and other electronic equipment 
manufacturing industry is China's earliest open and 
fastest-growing high-tech industry, representing the more 
important position in the national economy, with more 
patents, high technical efficiency. 

Comprehensive technical efficiency value is 0.8 to 1, 
which belongs to the higher performance industries, 
including manufacture of non-metallic mineral products; 
manufacture of measuring instruments and machinery for 
cultural activity, office work; manufacture of electrical 
machinery and equipment; artwork and other manufacturing; 
processing of petroleum, coking, processing of nuclear fuel; 
manufacture of special purpose machinery; manufacture of 
tobacco; manufacture of raw chemical materials and 
chemical products; manufacture of general purpose 
machinery. Manufacture of non-metallic mineral products 
industry is one of the sunrise industries in modern society, 
high-tech and low environmental impact have become its 
development trend. Manufacture of measuring 
instruments and machinery for cultural activity, office 
work industry; manufacture of electrical machinery and 
equipment industry are high-tech industries, with higher 
levels of low-carbon technology innovation input and 
output. 

Comprehensive technical efficiency value is 0.7 to 0.8, 
which belongs to the general performance industries, 
including manufacture of articles for culture, education 
and sport activity; manufacture of chemical fibers; 
smelting and pressing of non-ferrous metals; manufacture 
of beverages; manufacture of furniture; printing, 
reproduction of recording media; manufacture of textile 
wearing apparel, footware, and caps; manufacture of 
metal products; manufacture of transport equipment; 
manufacture of foods; manufacture of leather, fur, feather 
and related products ; manufacture of textile; processing 
of food from agricultural products. This paper mainly 
analyzes manufacturing industry of foods and 
manufacture of textile, both belonging to sunset industries. 
Low-carbon technology innovation input and output are in 
a weak position, the presence of labor, raw materials and 
other cost advantages are gradual loss, environmental 
pollution and ecological destruction and other issues. The 
use of existing international marketing channels and the 
degree of participation in the supply chain are still really 
weak.

Comprehensive technical efficiency value is less than 
0.7, which belongs to the low performance industries, 
including manufacture of rubber; manufacture of plastics; 

manufacture of paper and paper products; processing of 
timber; manufacture of wood, bamboo, rattan, palm, and 
straw products; manufacture of medicines. The innovation 
of manufacture of medicines needs to go through several 
phases with longer time and the higher cost. 

VI. CONCLUSION AND SUGGESTION 

Overall technical efficiency of Chinese manufacturing 
industries is quite different, and technical efficiency is not 
high. The average of 29 manufacturing industries's 
technical efficiency is 0.791, indicating that after the 
passage of a reasonable allocation of resources, and the 
premise of not reducing the current output, there are still 
21.9% reduction space for low-carbon technology 
innovation inputs. On one hand, this reflects low 
efficiency of resource allocation of Chinese 
manufacturing low-carbon technology innovation in the 
global value chain. On the other hand, this shows there is 
much space for the improvement of competitiveness of 
Chinese manufacturing. And most of the industries are not 
in active size state, and for the whole, these industries 
should greatly improve the technical efficiency and scale 
efficiency, and should increase resources investment in 
low-carbon technology innovation to improve efficiency 
of resource allocation. 

For communication equipment, computers and other 
electronic equipment manufacturing industry, Chinese 
high-tech industry policies create favorable environment 
and institutional safeguard for its development, and 
should continue to support the development of high-tech 
industries and encourage participation in high value-added 
sectors of the global value chain. For measuring 
instruments and machinery manufacturing industry for 
cultural activity, office work, electrical machinery and 
equipment manufacturing industry should improve 
technical efficiency and scale efficiency through the 
rational allocation of resources. Textile manufacturing 
industry should increase low-carbon technology 
innovation resources investment, and promote the 
sustainable development of the textile industry. Rubber 
and plastics manufacturing industry need to adjust the 
export structure of trade. Medicines manufacturing 
industry requires continuous R&D investment, further 
increases R&D intensity and improves low-carbon 
technology innovation ability. 
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Abstract - The human behavior characteristics in the 
emergency evacuation, the features and the principles of 
Building EXODUS were introduced here through 
summarizing all kinds of evacuation models and methods so 
far developed both at home and abroad. Finally an example 
is given to show how to simulate emergency evacuation by 
Building EXODUS software. Results show that the study of 
evacuation behavior needs some knowledge of psychology 
and sociology, and the human behavior characteristics 
cannot be all included by evacuation models, thus the 
simulating evacuation models should be more 
comprehensive and more standard. The function of Building 
EXODUS software in simulating the behaviors of human is 
reliable and easy to find the bottleneck phenomenon at the 
exit, and the evacuation time can be decreased through 
changing the width of the door or giving some guidance to 
the evacuees. 

Keyword - Building EXODUS, emergency evacuation, 
human behavior characteristics, simulating evacuation 

I. INTRODUCTION 

With the rapid development of society, public 
security emergencies occur frequently due to the intensive 
urban population, unbalanced economic development and 
complex social interest relations. It is easy to cause the 
evacuees’ following behavior and the panic psychology. 
Therefore how to make the emergency evacuation more 
effective and reduce the accident loss has become an 
important task. 

The research on emergencies evacuation simulation 
is a complex problem referring to many subjects 
especially psychological and also is related to several 
subjects such as psychology and sociology [1]. The paper 
will introduce the human behavior characteristics, the 
evacuation models and the method of crowd evacuation 
simulation in the emergency evacuation, and simulate the 
evacuation through the Building EXODUS software to 
give the theoretical basis in designing the building 
evacuation and formulating the emergency evacuation 
plan.  

II. THE HUMAN BEHAVIOR CHARACTERISTICS IN 
THE EMERGENCY EVACUATION 

1

The study on human behavior characteristics in the 
emergency evacuation can be divided into three categories 
as is shown in Fig.1: crowd behavior characteristics, 
personnel behavior characteristics and personnel basic 
attributes. The study on the crowd behavior characteristics 

                                                           The Science and technology innovation platform project 
(PXM2014_014205_000044); Teachers' Scientific Research Ability 
Promotion plan (2014); Academy of Metropolis Economic; Social 
Development project of Capital University of Economics.

is from a macro angle; personnel behavior characteristics 
is from a microscopic; personnel basic attributes refer to 
some characters in common, such as the physiological 
level, cultural level, personal qualities[2-3], et al. 

Fig.1. The human behavior characteristics in the emergency evacuation 

The human behaviors can be affected by the 
surrounding environment and their own quality, which 
may have an effect on the whole evacuation. Therefore, 
the study on human behavior characteristics in the 
emergency evacuation is of great significance.  

A. Following behavior 
Following behavior which is irrational refers to the 

actions which are affected by others in an emergency 
evacuation [4]. Following behavior, to some extent, is 
benefit to the evacuation in the situation that the evacuees 
are not familiar with the environment; they can find the 
exits through following others. But it can also lead to 
serious consequences, such as overcrowded, reducing the 
speed, and even causing a serious crowded stampede 
accident.

B. Escaping together behavior
The escaping together behavior also occurred among 

people who have close social relationship with each other, 
such as family members ,friends and so on, and behaviors 
like waiting, wandering, helping each other, and 
communicating can also be found in the emergency 
evacuation [5]. The characteristic of the escaping together 
behavior is that the distance between people who are in 
the same group is short, while it’s long between those 
who are in different groups (as is shown in Fig.2). It has 
affected the decision and action process of the evacuation 
on the macro, and walking speed and the necessary space 
of human body on the micro.  

Fig.2. Escaping together behavior
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C. Pathfinding behavior 
The pathfinding behavior is defined as a decision in 

choosing which way to go in an emergency [6]. In that 
situation each traffic facilities, such as exits, channel, 
stairs, and escalators, in the building can be regarded as 
an attractive medium and the pathfinding behavior obey 
the rule of the shortest path. But in fact the most sensible 
decision should depend on both the distance and the 
traffic condition.  

D. Avoiding the obstacles behavior 
The evacuation will moving to the destination in a 

straight line path, which is the shortest path, when the 
destination is determined, and if there is an obstacle on 
the path, the evacuation will change the primary path to 
avoid hitting the obstacle, at the same time, a new path 
will be generated [7]. The whole process is shown in the 
Fig.3. 

Fig.3. The behavior of avoiding the obstacles 

E. Overcrowding at a” Bottleneck” behavior  
The “Bottleneck” refers to the place where the wide 

channel suddenly switches to a narrow channel in a 
building [8]. When people walking through this place, it’s 
easy to find that the speeds of the evacuees are slow down, 
and people gathered there in an arch shape. In the 
evacuation it’s easy to find the bottleneck phenomenon at 
the places like the exits, corridors, channels, ramps, stairs, 
escalators, trails, ticket mouths, security checkpoints and 
so on. 

F. Back for rescuing behavior  
Back for searching behavior also occurred within the 

small group of people; the person who is outside will go 
back and find the companion, which is completely 
harmful to the whole emergency evacuation [9].

G. Panic behavior  
According to the simulation experiment, the panic 

behavior can be defined as behaviors which are illogical, 
uncomfortable due to the fear of the emergency [10].
Excessive panic will reduce the ability to evacuate and the 
ability of the evacuees may be reduced or totally loss, 
even across the fence, chairs and so on. But moderate 
panic behavior contributes to the evacuation.  

III. THE SIMULATION MODELS AND METHODS 

A. Methods 
1) The evacuation exercises  

Amount of people are gathered in a building to 
evacuation pretending that an emergency has happened. 
In the whole evacuation researchers can do their study on 
the relationships among the evacuees’ gender, age, 
walking habits through tracking the evacuees, what’s 
more, the video of the evacuation can also contribute to 
the study on human evacuation characteristics [11].

The data which is got from the exercise, to a certain 
extent, is reliable and can provide basis for the simulation 
research. Actually, the behavior of the evacuees in the 
exercise is different from that in a real emergency for the 
reason that the evacuees will have panic psychological [12].
The randomness and variability of the behavior make the 
result unreliable in the only exercise. They need to make 
several exercises, but in fact it’s not feasible.  
2) The simulation models 

On the computer a model can be established to 
simulating the evacuation by setting the data of the 
buildings and persons. The simulation evacuation models 
which are considered to be the most effectively and 
widely used methods for its operability and the 
consistency to the real situation [13]. Although the data and 
methods of different software are different, which lead to 
different result, after all, it’s a reliable method which 
needs to be improved. 

B. Simulation models introduction 
There are more than twenty simulation models both 

home and abroad which can be divided into two 
categories [14]:

The models in which only the movement of human is 
considered, such as EVACNET+, TAKAHASHI’S 
MODEL, just take the evacuation capacity into 
consideration, and person in the model is regarded as a 
unconscious objection which automatically response to 
the external signal, the direction and the speed of the 
evacuee is only determined by physical factors, such as 
population density, the evacuation capacity of the exit, et 
al.

The models in which both the movement and the 
behavior of human are considered, like EGRESS, E-
SCAPE, EXIT98, building EXODUS, in which not only 
the physical characteristics of the building, but also the 
characteristic of the human behavior (such as how to 
choose the exit and how to respond to the signals) are 
taken into consideration, the passenger in the model are 
seen as an active factor, which can respond to a variety of 
signals.  

IV. EXAMPLE OF EMERGENCY EVACUATION 

A. Introduction of the Building EXODUS software 
Building EXODUS which is considered to be one of 

the most widely used simulation evacuation software in 
the world can be used to evaluate whether the 

the starting location 

the obstacle 

the destination 

the primary path 

the avoiding path 
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architectural design meet the requirements, the analysis 
the evacuation performance of a structure and the 
evacuation efficiency of the building ,such as the 
supermarkets, hospitals, railway stations, schools, airports, 
et al.   

Building EXODUS takes the interactions between 
people-people, people-fire and people-structure into 
consideration. Thus the behavior and movement of each 
passenger are determined by a set of heuristic rules, and 
these rules are divided into five kinds of interaction 
submodels, namely, passenger, movement, behavior, 
toxicity and hazard model, and they change with the 
geometric environment, as is shown in Fig.4. 

Fig.4. EXODUS submodel interation 
Unlike other simulation evacuation software, Building 

EXODUS is a process simulation software in which the 
interactions between people-people, people-fire and 
people-structure are taken into consideration [15].
Therefore the attribute of evacuees and scenes can be 
truly simulated by building EXODUS, and it can get a 
comprehensive predicted result and plain it through 
tracing the details in the process of evacuation, what’s 
more, the bottleneck location, the speed, the start time, the 
end time and the process can also be described by 
building EXODUS software [16].

B. Establish the structure 
The research of the paper is a canteen of a university 

which is a two-story building structure. As is shown in 
Fig.5 and Fig.6, it has two stairs and five exits in the 
building. The author establish the structure model by 
setting the data of the building which are measured and 
modified according to the building EXODUS.  
C. The number and parameters of the passenger 

According to the survey results, the peak period are: 
7:20 to 7:45, 11:50 to 12:50, and 17:30 to 18:30.The 
survey data are shown as follows: 

1) The total number of emergency evacuation: 
According to investigation statistics, the average 

numbers of people in the three periods are 477p, 1083p 
and 729p. 

2) The age of evacuees: 
The weight, height, reaction time, patience, and 

walking speed of different people are different for the 
different age and gender. According to statistics, the age 
of people in the canteen are shown in Table I. 

Fig.5. The structure diagram of the first floor 

Fig.6. The structure diagram of the second floor 
TABLE I 

THE AGE OF EVACUEES 
Male Female 

Age proportion  Age Proportion
15-29  28% 15-29 55% 
17~50 5% 17~50 9% 
51~80 1% 51~80 2% 

D. Simulation results and analysis 
Assuming that in the period 11:50 to 12:50 an 

emergency happened, the author have an study on 
simulating the evacuation in an emergency in the building, 
The data of every escapee in every emergency exit (which 
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is shown in Table II) can be outputted by building 
EXODUS. 

TABLE II 
THE USING INFORMATION OF EXITS

Exit Total people 
of using 

Passing times of 
the last people (s) 

Exit1 427 332 
Exit2 85 122 
Exit3 22 41 
Exit4 92 94 
Exit5 457 435 

In total 1083 435 
According to the simulation results, the numbers of 

using Exit 1 and Exit 5 are the biggest and bottleneck 
phenomena happened there (as is shown in Fig.7), but 
there are no evacuees using the Exit 3 and Exit 4 after 94 
seconds from the beginning, therefore, the width of Exit2, 
3, 4 should be increased to attract more evacuees using 
these exits, which can also contribute to the evacuation 
efficiency of Exit 1 and Exit 5.  

The low evacuation efficiency of the Exit 5 due to its 
out of its capacity of being used. Thus measures like 
leading some people using the other exits by radio or 
other methods. 

After being improved, the result can be shown in 
Table III, according to which the evacuation efficiency is 
higher than before; the total evacuation time is reduced to 
342 seconds from 435s seconds. That is to see increasing 
the width of the exits or guiding the evacuees is benefit to 
the evacuation. 

TABLE III 
THE USING INFORMATION OF EXITS AFTER IMPROVING THE 

MODEL

Exit Total people 
of using 

Passing times of 
the last people (s)

Exit1 320 332 
Exit2 173 227 
Exit3 159 206 
Exit4 159 193 
Exit5 270 342 

In total 1083 342 

V. CONCLUSION 

(1) The paper suggests that the study of evacuation 
behavior need some knowledge of psychology and 
sociology, and the human behavior characteristics cannot 
be all included by evacuation models, thus the simulating 
evacuation models should be more comprehensive and 
more standard. 

(2) The function of Building EXODUS, which is 
considered to be the most comprehensive in its function in 
the world, in simulating the behavior of human is reliable 
and it is indicated it’s easy to appear a bottleneck 
phenomenon at the exit, and the evacuation time can be 
decreased through changing the width of the door or 
giving some guidance to the evacuees. 

Fig.7. The bottleneck phenomena at Exit 1 and Exit 5 
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1Abstract - In order to prevent and reduce human errors 
of the subway dispatching system in the accident response 
process, a subway dispatcher team emergency response cycle 
framework was built and an application and analysis of the 
framework with a typical case was also provided. Results 
showed that different situations lead to different emergency 
response procedures and human errors. Through the 
proposed response cycle framework, several specific subway 
dispatcher team error modes were built. These error modes 
could be applied to find the weak links of the subway traffic 
dispatcher response cycle, and to help improve the human 
reliability of subway dispatching system. 

Keywords - Accident management, emergency response 
cycle, subway traffic dispatching system, team error 

I. INTRODUCTION 
Dispatching system is the central nervous of subway 

traffic system. In emergencies, the subway traffic 
dispatcher system forms a dynamic operation cycle by 
interaction with the outside world frequently. Once 
human errors happen, it will lead to the subway traffic 
dispatching system’s delays or interruptions, or even 
worse accident consequences. 

Human error researches mainly concentrated on the 
field of nuclear power plants, aerospace and other 
complex industrial areas. Such as Sasou [1] used the 
nuclear power plant simulator to qualitative research 
decision-making ability between of operators, inspectors, 
and managers; Y. H. J. Chang [2-6] established an IDAC 
model to realize probability forecast about the abnormal 
response of plant team. Ke-bing LIAO [7] created a crew 
behavior model to simulate and analyze the team’s 
accident situation operation process; Ren-li LV [8] used 
the framework of threat and error management to 
analyzed the process and cause of air traffic human error; 
Li-cao DAI [9] analyzed and discussed the team error of 
the complex industrial systems. In the field of subway and 
rail, human error research is priority to pay attention to 
the individual error, such as Jie WANG [10-11] presented a 
dispatcher’s human error behavior identification method 
based on emergencies scenario; Hai-tao WU [12] presented 
a human error identification method based on the 
cognitive process analysis which was applied in the high 
speed railway train dispatching system; Xin-ping WEI 
and Lei-zhen GUO [13] analyzed the reasons of human 
error from five aspects of biological rhythms, fatigue 

                                                           
1  Graduate Science and Technology Innovation Plan of Capital 
University of Economics and Business; Science and technology 
innovation platform project (PXM2014_014205_000044); Teachers’ 
Science and Technology Innovation Project 

assignments, work sense of responsibility, professional 
quality, information error and the countermeasures. 

Human reliability analysis (HRA) in complicated 
industrial system is an effective method for preventing 
human error. Team error is one form of human error. 
Subway traffic dispatchers need to complete their tasks 
independently and also need to make diagnosis and 
decision jointly for an accident. Therefore, researches on 
dispatcher team error issues in accident management 
make HRA more reasonable and perfect in the subway 
traffic system.  

II. SUBWAY DISPATCHER TEAM EMERGENCY 
RESPONSE CYCLE FRAMEWORK 

The process of subway traffic dispatchers’ 
interaction with the outside world is a complicated and 
dynamical cycle, as is shown in Fig.1. Dispatcher team 
makes the subway traffic system to achieve the required 
state or solve emergencies through the response cycle.  

(1) Outside information: The subway traffic 
dispatcher team needs to get information from the outside 
world before accident management, for example, the 
drivers tell the traffic fault information to dispatcher team 
through the communication equipment. 

(2) Dispatcher team’s response: Three stages are 
included, which are information processing (a), accident 
diagnosis and decision making (b) and the results 
performed (c). 

Information processing (a): This is the foundation of 
team accident diagnosis and decision making. Firstly, 
accident information was collected; secondly, dispatchers 
had the crisis awareness, and the degree of crisis 
awareness is according to the collected information. The 
ability of information collection is depend on the
sensitivity and agility of the dispatcher team’s information 
cognitive, such as monitoring the subway running graph, 
dispatchers quickly found the fault signal; The ability of 
crisis awareness is depend on dispatcher team’s judgment 
for the urgency of information, such as determine the 
accident’s risk level. 

Accident diagnosis and decision making (b): This 
step is the core of the dispatcher team’s response cycle, 
and is also the guarantee and key of an effective response. 
The accident diagnosis and decision making of subway 
traffic dispatcher team in the emergency response belong 
to the "quick discussion make or real-time decision 
making". The decision goal was analyzed according to the 
information processing, and then the feasibility scheme 
was proposed to judge whether it was the best solution. If 
it is, the solution will be executed as a result; if it is not, 
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more information will be got from the outside world and 
to perceive the degree of crisis awareness again. 

Fig.1. Subway dispatcher team emergency response cycle framework  
The result performed (c): The performance of team 

response will be carried out in this step. After the 
dispatcher team’s response is determined, the dispatchers 
interact with the outside world through telephone 
channels to deal with accidents, for example, a passenger 
fell into orbit suddenly, and traffic dispatchers ask the 
power to cut off the contact rail power by a specific 
telephone channel. 

(3) Team characteristics and team role assignment 
also influence the emergency response quality of subway 
traffic dispatcher team. Team characteristics include team 
communication, support/support behavior (e.g., mutual 
supervision, mutual correction), team orientation (e.g., 
team target relative to the weight of personal goals), 
knowledge sharing ability, team cohesion (the 
comprehensive dimension of team unity, harmony and the 
get along way of team members [3]). Team role 
assignment means that a team is divided into three 
categories; these are decision maker, practitioner and 
consultant. Among them, decision maker is the leader of 
the team and has the final decision and the responsibility 
of the relevant authority; practitioner is the actual 
operation person to assist decision makers to solve the 
problem; the consultant provides technical support and 
advice to decision maker [3].

III. HUMAN ERROR MODE ANALYSIS OF THE 
SUBWAY TRAFFIC DISPATCHER TEAM 

Dispatcher team error modes can be identified 
through the response cycle (as is shown in Table I), which 
are divided into three types of error modes: information 
processing error (includes information collection error 
and information crisis awareness error), accident 
diagnosis and decision-making error (includes analysis of 

the decision goal error, proposing the feasibility scheme 
error and error of determining the best solution) and the 
results performed error. 

TABLE I 
TRAFFIC DISPATCHER TEAM ERROR MODE 

Response process Error mode 

Information 
processing (a) 

Information 
collection error 

1 inattention
2 mistake in 
comprehension  
3 miscommunication 
4 man-machine interface 
defects  
5 time constraints of load 
6 resource management 
defects  

Information crisis 
awareness error 

1 business application 
error  
2 lack of knowledge and 
experience
3 low level of situational 
awareness
4 high/low motivation  

Accident diagnosis 
and decision making 
(b) 

Analysis of the 
decision goal error 

1 high/low self-confident 
degree  
2 lack of knowledge and 
experience
3 knowledge base 
matching error  

Proposed the 
feasibility scheme 
error 

1 scheme base matching 
error  
2 situation forecast error  
3 time constraints of load

Determine the best 
solution error 

1 high/low self-confident 
degree 
2 situation forecast error 
3 expert base matching 
error 
4 excessive authority 
effect  
5 time constraints of load

The result performed 
(c) 

Performed error 1 lack of standardization 
in communication  
2 adequate warning  
3 without a 
comprehensive 
communication  
4 resource management 
defects 

IV. TYPICAL CASES STUDY 

A. Summary 
At a subway line, a subway train slipped from 

platform A to platform B. The traffic dispatchers taken 
measures to command all trains stop immediately, and 
notify the controller of station B to take measures to deal 
with it. Through the driver’s processing, the problem train 
restored traction, and the traffic dispatcher commanded 
drivers to organize passengers to get off and drive the 
problem train into garage A. Through cooperating with 
other departments, the traffic dispatcher team was deal 
with sudden accident and let the whole route back into 
normal operation.  

According to the case, emergency response of the 
subway traffic slip accident is shown in Fig.2. 
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Fig.2. Emergency response of the subway traffic dispatcher team in the 
slip accident 

B. Human error analysis 
According to Table I, human errors in dispatcher 

response may occur, i.e., the bottleneck of the dispatcher 
emergency response reliability needs to be avoided by 
taking some measures. The conclusion is that different 
situations and inputting information lead to different 
emergency response procedures and human errors: 

Different situations cause different human errors of 
emergency response. For example, dispatcher master 
notify dispatcher team to organize the run section, human 
errors may be occurred in information collection stage: 
inattention (e.g., did not notice the dispatcher masters’ 
instructions, a-1), mistake in comprehension (e.g., the 
failure to correctly understand the instructions, a-2), 
human-machine interface defects (e.g., dispatcher team 
cannot instruction due to telephone malfunction, a-4). But 
when driver reports that fault has been ruled out, the most 
of commands has been completed, and the whole 
dispatcher team's attention is concentrated on the on-site 
troubleshooting report, therefore, team is without 
inattention. In addition, dispatcher team keep 
communication with drivers, so human-machine interface 
defects and mistake in comprehension cannot happen. 

V. CONCLUSION 

(1) The subway traffic dispatcher team emergency 
response cycle framework reflects the internal cognitive 
processes of the subway traffic system in accident 
management dynamically. 

(2) The traffic dispatcher team error modes are 
benefit of discovering and preventing human error, and 
improving the reliability of subway traffic dispatching 
system. 

(3) Researches on subway traffic dispatcher team 
error issues in accident management are still at the stage 
of qualitative analysis, and the improvement of the 
content and quantitative analysis will be proceed.  

ACKNOWLEDGMENT 

The authors would like to thank the Science and 
technology innovation platform project 
(PXM2014_014205_000044), Teachers’ Science and 

Technology Innovation Project and Graduate Science and 
Technology Innovation Plan of Capital University of 
Economics and Business for providing financial support 
to this research. 

REFERENCE

[1] SASOU K, NAGASAKE A, YUKIMACHI T. A study on 
the operating team activity of a nuclear power plant under 
abnormal operating conditions [J]. Safety science, 
1993(81): 143-156 

[2] Y. H. J. Chang, A. Mosleh. Cognitive modeling and 
dynamic probabilistic simulation of operating crew 
response to complex system accidents. Part 1: overview of 
the IDAC model [J]. Reliability Engineering and System 
Safety. 2007, 92(8): 997-1013 

[3] Y. H. J. Chang, A. Mosleh. Cognitive modeling and 
dynamic probabilistic simulation of operating crew 
response to complex system accidents. Part 2: IDAC 
performance influencing factors model [J]. Reliability 
Engineering and System Safety. 2007, 92(8): 1014-1040 

[4] Y. H. J. Chang, A. Mosleh. Cognitive modeling and 
dynamic probabilistic simulation of operating crew 
response to complex system accidents: Part 3: IDAC 
operator response model [J]. Reliability Engineering and 
System Safety, 2007, 92(8): 1041-1060 

[5] Y. H. J. Chang, A. Mosleh. Cognitive modeling and 
dynamic probabilistic simulation of operating crew 
response to complex system accidents: Part 4: IDAC 
causal model of operator problem-solving response [J]. 
Reliability Engineering and System Safety. 2007, 92(8): 
1061-1075

[6] Y. H. J. Chang, A. Mosleh. Cognitive modeling and 
dynamic probabilistic simulation of operating crew 
response to complex system accidents: Part 5: Dynamic 
probabilistic simulation of the IDAC model [J].Reliability 
Engineering and System Safety. 2007, 92(8): 1076-1101 

[7] Ke-bing LIAO, Ai-qun LIU, Jie-juan TONG, Jun XIAO. 
Team error model in complex human-machine system and 
its quantitative analysis [J]. China Safety Science 
Journal.2007, 17(12): 42-48(in Chinese) 

[8] Ren-li LV, Yan ZHOU, Mu ZHOU. Analysis of team 
errors in air traffic control [J]. China Safety Science 
Journal. 2009, 19(01): 64-70 (in Chinese) 

[9] Dai-li CAO. Shu-dong HUANG. Li ZHANG. Si-rui GAO. 
Analysis on man-made error by work team in complicated 
industrial system [J]. China Safety Science Journal. 2004, 
14(9): 20-23 (in Chinese) 

[10] Jie WANG, Research on traffic dispatching system human 
error prediction for the subway emergency [D]. Beijing 
Jiaotong University [The dissertation]. 2012.12 (in 
Chinese) 

[11] Jie WANG, Wei-ning FANG, Yan ZHANG. Identification 
and evaluation of human error influential factors in 
subway scheduling system [J]. China Safety Science 
Journal.2011, 21(8): 74-79(in Chinese) 

[12] Hai-tao WU. He ZHUANG. Xia LUO. A human error 
identification method based on cognitive process analysis - 
application to dispatching system of high-speed railway 
train [J]. Journal of Safety Science and Technology.2014, 
10(2): 99-105(in Chinese) 

[13] Xin-ping WEI, Zhen-guo LEI. The reliability analysis of 
the railway dispatcher system [J]. Railway Operation 
Technology.2009, 15(4): 51-53(in Chinese) 

Research on Subway Traffic Dispatcher Team Error Issues in Accident Management 279



 Abstract - Innovation in conceptual design period of 
products is an important indicator to show innovation 
capacity of one enterprise, and the improvement of relative 
technology is the base of it. By analyzing technical papers in 
a period, the relevant keywords can be summarized to make 
up a relevant technical keywords network, which may be 
very complex and include a large number of nodes and edges. 
This keywords network will show the key topics and 
hotspots in science and technology area currently or in the 
future. By building the keywords network which base on 
product conceptual design and analyzing the statistical 
result, some available techniques can be found to support 
product conceptual design. In this report an example of coal 
cutter is provided to discuss the feasibility and usability of 
this model.

Keywords - Conceptual design, complex network,
modeling, statistical analysis, technical keywords network 

I. INTRODUCTION 
 Nowadays human society is facing to a new time 
knowledge economy. Due to globalizat ion and 
competitions, the requirements of design and 
manufacturing are raised to a higher level than before. In 
order to improve the core competit ive capacity of 
enterprises, the new knowledge of innovation should be 
used to design or manufacture products as soon as 
possible to make designs come true. The knowledge 
comes from many areas such as fluids, electronics and 
mechanics. How to understand and use it quickly is the 
key point of fast innovation methodology.  
 There are some knowledge models for this situation 
now [1, 2]. However, it is difficult for product designers to 
understand them efficiently due to the complex 
relationship between different knowledge in the whole 
product system. At the same time, in conceptual design 
period the lack of key techniques and related knowledge 
makes some limitations for designers which make 
innovations of function or structure come true. Because 
complex network is the topology basis of a variety of 
complex systems, complex network theory plays an 
important role in complex system study. Therefore, 
complex network theory should be used to check the 
internal structure of complex system to realize the 
innovation of technology by methodology of topology 
and evolution. 
 In this research, complex network theory will be 
discussed to get some modeling approaches of technique 
network which are availab le for product conceptual 
design. By analyzing the complex features of them, 
typical innovative ideas or techniques can be summarized 
to show the hotspots and direction of study, which  can 

help designers to complete the innovative product design 
in conceptual design period. 

II. COMPLEX NETWORK THEORY 
 There is no uniform defin ition of complex network. 
Tao stated that complex network is a topology abstraction 
of large numbers of real complex systems. It should be 
more complex than regular network and random network. 
Because complex network is the topology basis of a 
variety of complex systems, the study of it is important 
and helpful for people to understand the complex nature 
of a complex system [3]. Jianmei thought that complex 
network is between the regular network and random 
network. It  has some characteristics like large scale, rich 
data and emergence due to its complexity and 
relationships with many different areas [4]. Commonly, a 
complex network can be defined that a topology 
abstraction of real complex system, which is not regular 
or random network, with many nodes and edges. 
 Due to both the characteristics and evolution of 
complex systems can provide better analysis and research 
methods, it is found that many complex systems can be 
described by a complex network theory in reality, such as 
technical network [5, 6], biological networks [7, 8], social 
networks [9, 10]. Products can also be a complex network. 
For example, the constituent elements of the product can 
be considered as a node, and the relation of elements can 
be considered as edges connecting the nodes. At present, 
the domestic scholars have launched a related research. 
Mengjiang converted the element relation into the 
parameter relation of the design of product components. 
With the relation among quantitative analysis of complex 
networks, he p roposed design navigation strategy based 
on parameter network [11]. Beibei applied complex 
network theory into real mechanical products systems to 
research, analyzing the topological characteristics and 
evolution of the product family structure. Moreover, she 
proposed the dimension of the universal product module 
components and how to build  the main structure of the 
product family  [12]. Xiang and Guanrong proposed local 
world evolv ing network model. By studying the World 
Trade Network they found that side priority connection is 
only valid in local-world network nodes instead of the 
global network [13]. Yue and others built a self-adapting 
biparticle graph evolution model to describe the research 
cooperation network between the research project leader 
and research assistant. This model considered every 
research project leader or research assistant to take a role 
in choice, decision making, competit ion and the evolution 
of itself and the entire network causing by it [14]. 
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 However, till now, there is not a simple way to be 
able to generate complex networks fully complied with 
the statistical characteristics. It is still far from 
automatically generating the innovation design of product 
system by varying parameters of complex networks. This 
article is also only carrying out the preliminary 
exploration from the perspective of network modeling and 
statistical indicators analysis. 

III. TECHNOLOGY KEYWORDS NETWORK

 Nowadays, with development and update of 
technology, more and more companies realize that simply 
satisfying the demand of consumers is not enough. Instead, 
developing products integrating multiple technologies or 
innovative products with differentiated technologies, in 
this way to expand the market. How to integrate related 
technology into product conceptual design and product 
innovation, which become the most important problem to 
enhance the competion power of companies and guiding 
the Industry development direction. 
 Researchers conduct experiments, analysis and 
research on the latest scientific or engineering problems in 
the research field. Then they summarize the conclusions 
by writing academic literature. To some degree, academic 
literature can figure out the hotspot in current or future 
research fields. By analyzing and summarizing academic 
literature, exp loring viable techniques in order to provide 
reliable guidance for the conceptual design is possible. In 
an academic document, the key words are the expression 
of natural language and the core reflection of technical 
problem researches [15]. Technical words, as carriers of 
technical knowledge in the academic literature, contribute 
to a better research on topological structure and evolution 
of technical knowledge by building the keywords network 
technology in academic literature, providing innovative 
design solutions assists the product technology. 

A. Model Construction 
The core of complex network modeling is how will 

the relationship between objects in reality is abstracted as 
node and edge in the network. According to the 
relationship between literature and technology keywords, 
a literature-keywords bipartite network was established in 
order to achieve the technology keywords network model 
construction. 

The relationship between academic literature and 
keywords can be expressed as 

{(K ,P ) | (K ,P ) KP }K P i j i j i jE . Among them, K  is a 

set of keywords, Ki  is a keyword and P  is a set of 

literature. KPi j  represents the strength of relationship: 

1
KP

0 '
i j

i j
i j

if the keyword K is in the literature P
if the keyword K isn t in the literature P

(1) 

 The relationship matrix of keywords and academic 
literature is [K;P] [KP ]i j n mO , n  and m  are the 

number of elements in K  and P . 

 The node in network is keyword and the edge is the 
co-ocurrence relat ion. The keywords network can be 
expressed by (K,E )K K KG , wherein 

1 2K (K ,K ,...,K )n

represents the set of keywords and 
E (K ,K ) | (K ,K )K K i j i j i jK  represents the set of 

edges. If i jK  represent the extent of co-occurrence, that 

is, the number o f keyword-pair that appear in the 
literature at the same time. The relat ionship matrix 
between the keywords is [K;K] [K ]i j n nO , so:  

[K;K] [K ] [K;P]* [K;P]

[KP ] *[KP ]

T
i j n n

T
i j n m i j n m

O O O
 (2) 

[K;P]TO  is the transposed matrix of [K;P]O . 

B. Statistical index 
 Calculation and analysis of some statistical indicators 
of technical keywords network allowing us to get a 
comprehensive understanding of the network. We can 
analyze the network connectivity, average path length and 
central tendency with in the technical keywords network. 
And then, we can find the direction and hotspots of 
product innovation. 

1) Node degree and degree distribution: In complex 
network, node degree is the number of nodes adjacent to 
the node, that is, the number of edges that is direct ly 
connected to the node. Complex network degree refers to 
the average level of all the node degrees in the network. 
The degree distribution ( )P k represents the ratio of the 
number o f k  degree nodes to total nodes number of 
network, which is the macro-characteristics of the 
network. 

2) Clustering coefficient: Clustering coefficient 
measures the extent of network aggregation, referring to 
the edges connected probability between two nodes which 
connected by one node. A specific node clustering 
coefficient expressed as: in complex networks, the ratio of 
actual existence R edges of k neighbor nodes to most 
possible number of edges Ei=ki*(ki-1)/2 among them. So, 

/i i iC R E      (3) 
And the clustering coefficient of network defined as: 

1
/ N

n

i
i

CC     (4) 

 3) Average path length: If the network node can 
reach the node in turn at limited edges, this pathway 
which connected by several edges from to is called as one 
network path, and the number of edges to form th is path is 
called the path length. As two single node may have many 
paths, so the shortest network path between any two 
nodes referring to the path which has least number of 
edges among all possible paths. The length was defined as 
the distance between node i  and j , which represented 

by ijd . The average path length means the average value 
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of all shortest path between two exist nodes. The formula 
is as follows: 

1

2 1

2
(N 1)

N i

ij
i j

L d
N

   (5) 

 In addition, we also uses node centrality, betweeness 
centrality and closeness centrality to measure which nodes 
is the key indicators in important position, which nodes 
rated higher resources control ability and which nodes 
have strong capability  against influence of other nodes. 
Their statistical formulas can be found in related literature 
[16]. 

IV. CASE STUDY 

A. Problem Statement 
 In recent years, with the v igorous development of 

continuously improved, and its ability to adapt to the 
complex conditions is also rising. Faced with an 
increasingly complex coal mining industry competition, it 
is paid widespread attention by coal min ing companies to 
design the shearer which has advantages of good braking 
performance, high rotation efficiency, speed control 
performance, energy-
main functions include drop coal and deliver coal. In this 
section, we apply the above model to explore the related 
technologies which support delivering coal function. 
Through analyzing and studying related technologies, we 
can support conceptual design of shearer. 
 We choose "friction drive" as a keyword to establish 
technical keyword network, then specifically analyze the 
friction drive technology. Analysis process is as follows: 
 1). By means of the model, construct technical 
keyword network and visualize it.  
 2). Calculate the relevant statistical parameters of the 
technical words network. 
 3). Extract novel, effective and potential technical 
knowledge node, exp lain in-depth relat ionship between 
the network and its development trends, and explore the 
hot technology in the field of research to provide 
innovative support for the conceptual design of the 
product. 

B. Data Source 
 In this paper, we choose WANFANG DATA as the 

and dissertations in the technical field  of frict ion drive. 
The papers are published in the time period 1995-2014. 
Total number of journals and dissertations is 674, 
statistics shown below. 
 As can be seen from the Fig.1, from 1995 to 1999, 
study of the frict ion drive technology is still in its infancy. 
Since the 21st century, study of the friction drive 
technology has increased every year. Since 2006, number 
of journals and dissertations in the technical field of 
friction drive has confronted small fluctuations, but 

overall stability of the number indicates friction drive 
technology is maturing nowadays. 
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Fig.1. Published time and number of friction drive technology papers 

C. Network modeling 
 Select above keywords of the academic literature as 
network nodes. After statistical analysis, all 674 technical 
papers include 3376 Keywords, average, each paper 
averagely contain 5 technical keywords. Then choose co-
occurrence relationship between technical keywords as 
technical keyword network edges, after statistical analysis, 
the number of the edges is 6090. 
 As visualization can viv idly demonstrate a variety of 
network features, we use Gephi to achieve visualizat ion of 
friction drive technical keyword  network. As Fig.2 shown 
below, the larger points and fonts represent the higher 
central degree of nodes. If two nodes are not connected, it 
indicates there is no co-occurrence relat ionship between 
them. 

Fig.2. Friction drive technical keyword network 

D. Network  analysis 
 1) Nodes Centrality Degree (NCD): Node centrality 
degree refers to  the times, rather than the numbers, of one 

Modeling and Analysis of Conceptual Design-Oriented Product Technology Network 283



node occurrence with other nodes in the network. By 
calculating, it  can be obtained that the average node 
centrality degree of the technological keywords network 
is 3.5 and the node centrality degree is 12142. Table I 
ranks the top 15 of node centrality degree that related to 
friction drive technology. 

TABLE I 
THE TOP 15 NODES OF NCD THAT  RELATED TO FRICTION 

DRIVE TECHNOLOGY 
Ranking Nodes NCD Relative NCD

1 Ultrasonic motor 32 0.928
2 Linear motor 31 0.899
3 Piezoelectric ceramics 26 0.754
3 Belt conveyor 26 0.754
5 Fuzzy control 20 0.58
6 Disturbance monitor 17 0.493
7 Servo system 12 0.348
7 Composite 12 0.348
7 Vibration control 12 0.348

10 Linear ultrasonic motor 11 0.319
10 Friction damper 11 0.319
12 Multi-Axis Controller 10 0.29
12 Compensation control 10 0.29
12 Self-adaption 10 0.29
15 Micro actuator 9 0.261

2) Betweenness Centrality (BC): Betweenness 
Centrality is used to analyze the node which locates on 
the line between two nodes. By  calculat ing, it can  be 
obtained that the average betweenness centrality of the 
technological keywords network is 5996.257 and  the total 
betweenness centrality is 20681092.Also, we found out 
that the minimum betweenness centrality is 0, which 
means this kind of node does not have the ability to affect 
the co-occurrence of other two nodes. Table II ranks the 
top 15 of Betweenness Centrality that related to friction 
drive technology. 

TABLE II 
THE TOP 15 NODES OF BC THAT RELATED TO FRICTION 

DRIVE TECHNOLOGY 
Ranking Nodes BC

1 Piezoelectric ceramics 309973.719
2 Linear motor 235120.906
3 Belt conveyor 207567.531
4 Ultrasonic motor 156720.219
5 Fuzzy control 138307.688
6 Piezoelectric friction dampe 114585.750
7 Semi-active control 78230.414
8 Linear ultrasonic motor 76439.875
9 Disturbance monitor 72170.664

10 Magnetic suspension 71537.898
11 PID control 63730.746
12 Fuzzy control 56034.605
13 Monocrystalline silicon 55330.555
14 Motion control 51963.203
15 Composite 48838.309

3) Closeness Centrality (CC): Closeness Centrality 
represents the frequency of one node occurrences with 
other nodes. The smaller the value is, the greater the 
frequency of co-occurrence will be. The average 
Closeness Centrality of the technological keywords 
network is 3701505.5. Table III ranks the top 15 of 

Closeness Centrality that related to frict ion drive 
technology. 

TABLE III 
THE TOP 15 NODES OF BC THAT RELATED TO FRICTION 

DRIVE TECHNOLOGY 
Ranking Nodes CC

1 Piezoelectric ceramics 2029191
2 Fuzzy control 2029529
3 Ultrasonic motor 2029675
4 Linear motor 2029685
5 PID control 2030071
6 Linear ultrasonic motor 2030579
7 Traveling wave type ultrasonic motor 2030657
8 Servosystem 2030671
9 Bang-Bang control 203072

10 Magnetic suspension 2030737
11 Electrohydraulic servo motor 2030803
12 Robust control 2030829
13 Minidriver 2030851
14 Belt conveyor 2030859
15 Magnetic force driving pump 2030863

4) Integral analysis: By calculat ing, the clustering 
coefficient of the network is 0.874, which indicates that 
the whole network has a very close relationship. The 
average path length is 6.041. This shows that six extra 
nodes will be needed in achieving co-occurrence form one 
node to another in friction drive technology network. 

V. CONCLUSION 

 This paper analyzes the function of keywords 
network in charactering complex product system topology 
by summarizing the researches about the application of 
complex network in product design. Then, with the using 
of keywords network model of bipartite network building 
technology and the calculating  of statistical Indicators, 
this paper analyzes the examples of coal mining with 
relevant technologies. In instance analysis, we found out 
some rules: 

1) At present, hot research topics and trends of 
improving performance of the friction drive motor are 
mainly focus on ultrasonic technique, Linear technology 
and micro-electronic technique. 

2) Hot research field and trends about improving 
performance of Motion control of the friction drive 
mechanis m are mainly center on fuzzy control, motion 
control, Semi-act ive Control, PID control, compensation 
control and robust control. 

3) Hot research topics and direct ions about reducing 
friction drive v ibration performance are main ly 
concentrate on magnetic levitation technique and 
Piezoelectric friction damper technology. 

4) According to the large clustering coefficient of 
Friction Drive Technology Network and s mall average 
path length, the Friction Drive Technology Network is 
proved to have small world-effect  and shows a high 
efficiency of co-occurrence and responsiveness. 
 This study still has some limitations. In the future 
work, researches can make use of a complex network to 
go further study on evolution of technology Keywords 
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network, clarify current stage of technology, use time 
series statistics of technology node to fit, study the rules 
of Evolut ion of Technology, Identify the evolution trends 
of technology, min imize the b lindness in product 
conceptual design, eliminate unnecessary waste of time 
and resources and shorten the cycle of product design 
concept. 
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Abstract - In this study, an advanced multi-objective
genetic algorithm (AMGA) is proposed for solving type mixed
model two-sided assembly line balancing (MTALB-I) problem.
Multi objective mathematical model is established and the
AMGA is used to solve. The three minimal objectives are the
number of stations, the balance index and the wait time. A real
number combination based on task and operational direction, a
dynamic mutation rate, the combination of the parallel selection
method and arrangement selection are used in AMGA. The
performance of AMGA is compared to the existing approaches.
The results show that AMGA performs well. The algorithm
improves the search efficiency of satisfactory solution.

Keywords - Genetic algorithm, multi-objective
programming, two-sided assembly line balancing problem

I. INTRODUCTION
Since Salveson first put forward the simple assembly

line balancing problem in twentieth Century 50[1], the
assembly line is derived from a variety of different types,
including the two-sided assembly line and U-shaped
assembly line. Compared with the single traditional
assembly line balancing problem, the two-sided assembly
line also belongs to the NP hard combinatorial optimizat ion
problems [2]. Moreover, mixed-model production let the
TALB problem is more complicated. So the trad itional
assembly line balancing method is no longer applicable. We
need new suitable methods for solving TALB problem. In
1993, Bartholdi put forward a kind of First Fit Riile (FFR)
algorithm based on heuristic rules [3]. Since then, the
researchers put forward lots of assembly line balancing
problem algorithm. All the algorithms can be d ivided into
two aspects [4], namely the exact solution method and the
heuristic algorithm. Among them, genetic algorithm (Genetic
Algorithm) is a stochastic global search method that
imitating the selection mechanism of bio logy in the survival
of the fittest. The source of this method is the simulat ion
study of the biological system for computer. Professor
Holland of the USA Michigan University first proposed this
search mechanism in 1975 [5, 6]. At present, there are many
methods based on genetic algorithm to solve Pareto optimal
solution set of mult i-objective optimization problem.
However, from the view of solution performance, there is
still room for improvement.

In order to solve the three min imal object ives, the
number of stations, the balance index and the wait time, this
article researches the TALB-I problem and establishes the
multi-objective optimization model. Then an improved
multi-objective genetic algorithm (AMGA) is proposed to
solve the model.

II. CHARACTERISTICS OF MIXED-MODEL
TWO-SIDED ASSEMBLY LINE

Two-sided assembly line (TAL) is an operation
model that people can operate task in both sides of the
assembly line. This is essentially the extension of
traditional one-sided assembly line, through dividing
the original one-sided assembly line operation area
into left and right two relatively independent operation
areas. The workers complete the assembly task parallel
and independently in the respective operations area [7].
Every group of relative left and right position of TAL
is called "corresponding station group". As shown in
Fig.1, each "corresponding station group" is consists of
left and right two corresponding station j and (j-1). The
two-sided assembly line is composed of a series of

station group .

Fig.1. Two-sided assembly line

There are some advantages of two-sided
assembly line compared to the one-sided assembly line:
1) It can shorten the length of assembly line and the
product time; 2) It can raise the utilizat ion rate of
fixture and reduce equipment investment; 3) It can
save the invalid labor t ime and improve the labor
productivity of workers.

However, in addition to meet the "task priority
relation constraint", " none separable constraint" and
other traditional un ilateral constraints, TALB problem
also need to meet the constraints of its own, as follows:
1) According to the operating range constraint, the
corresponding task need to be assigned to the left or
right of the corresponding position on the assembly
line; 2) Because of the precedence relationships,
position task on both sides may cause a "waiting time";
3) Whether the same side or d ifferent side concurrent
operation constraint [8] may change average operation
time.

Corresponding
station group

Station 1    Station 3   ... Station (j-3)      Station 

(j 1)

Station 2    Station 4   ...   Station (j-2)    Station j

Product 
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III. MATHEMATICAL MODEL

The multi-objective optimization model of MTALB-I
are shown in Eq.1 Eq. 2 and Eq. 3.The first optimizat ion
objective is to min imize the number of stations. The second
optimization goal is to minimize the balance index. The third
optimization objective is to minimize the wait t ime. Three
objective functions are below:

       J j                  (1)

J jJ1               (2)
J ijj wj            (3)

The constraints of MTABL-I problem are below:
WS j =T                  (4)
tiji W S(j) Dij             (5)

tij j wi ws( j) tim xij         (6)

=                  (7)

mod2=b                 (8)

              (9)

TL=        (10)
TR=        (11)

      (12)

           (13)

In the above formula, C is the given takt t ime. xi is the
number of station which task i is assigned to. tj is the
operation time on J station. wi is an integer greater than 0.W
is the station set, wherein, WS(j) is the task
set assigned to the j station. wsj is the Boolean variables. If
wsj =0, we need not to open the station j, otherwise, wsj
we need to open the station j. T is task set, which one
represents each task i has two attributes: operating time and
range. m is the product model. tim is the operation t ime of i
task for M products. di={L,R,E}, di represents the task can be
assigned to the left, right or either side of the assembly line.
ssij is the start time of the task i at station j. spip is the starting
time of the task i in the corresponding working group. Dij is
wait time caused by the preorder task of the its
corresponding position, when the task i is assigned to station
j. Dij=min(spip-ssij,o). When the task i was assigned to the j
station, the value of xij is 1, otherwise xij is 0. t’im is the
average operation time ,when i task of M product is assigned
to the j station.

The constraints represent the following meaning: Eq.4
ensures that all tasks must be assigned to workstations. Eq.5
ensures that the sum of workstation task set total operating
time and delay time are less than or equal to the takt time.
Constraint Eq.6 represents the total operation time of all
tasks assigned to station j. Eq.7, t ’im is the average operation
time, when i task of m product is assigned to the j station.
Eq.8 to Eq.11 ensures that task i must meet the requirements
of assembly line operation range. Eq.12 and Eq.13 ensure
that tasks meet the precedence constrains.

IV. ALGORITHM DESIGN

A. Initial population generation
To meet the priority relat ion constraint, using

random method to generate the initial population, the
steps are below:

Step1. In the operat ion element set I, find the
operation elements that have no advance operation
element or advance operation element have already
fin ished work distribution. Then denote all these
elements as A collection.

Step2. In the A collect ion, choose an operation
elements randomly, followed by operation range.

Step3. Repeat steps1 and step2 until all the
operation elements in the set A are distributed out.

B. Code
In the study of two-sided assembly line balancing

problem, we have to consider not only which tasks
assigned to the station, but also to consider the
distribution range and the task of assembly sequence in
the station. Therefore, a real number combination
based on task and operational direction is used in this
paper. In the encoding, the chromosome length is equal
to two times the size of the problem. Odd chromosome
gene value represents the assembly sequence of tasks
and even bits represent task assigned range. As an
example , the priority is shown in Fig.2. To satisfy the
precedence constraints, a possible chromosome coding
scheme is shown in Fig.3. The assembly orientation is
di. di ={L, R, E}. E tasks randomly generate numbers 0
and 1. "0" represents the task on the right side of the
assembly line. "1" represents the task on the left side
of the assembly line.

Fig.2. elemental task priority relation graph

Fig.3. chromosome coding

C. Fitness function
The fitness function is to measure the quality of

chromosome. The value of three functions is small, t
the chromosome is better. Three fitness functions are
below:

FitnF1= J1=     (14)
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FitnF2= J2= (15)

FitnF3= J3= (16)

D. Selection operator
Using classical Stochastic Tournament, each in

accordance with the roulette wheel selection method for
selecting a pair of individuals, and then let the two individual
competitions, high fitness value is selected. This has been
circulating, until the full number of selected population.

E. Crossover operator
This paper uses the most widely used chromosome

two-point crossover method. First of all, setting a crossover
probability, crossover probability is a numerical from 0 to 1.
If this value is greater, then the frequency of crossover
operation is greater. The crossover probability is Pc. We need
according to the actual size of problems to set the reasonable
probability of crossover. We often set the probability of
crossover as a numeric value in the range of 0.8~1.0.The
specific steps of the crossover operation is below:

(1) Read only odd bit sequence those represent
sequence of operations. So the chromosomal has n gene.

(2) The odd gene is d ivided by k1 and k2 intersection
randomly. So the paternal chromosome F1 and F2 that have n
genes is divided into three parts as [1, k1], [k1+1, k2], [k2+1,
n].

(3) Find the same gene [1, k1] of F2 in the F1 and make
up a new gene sequence according sorting way of F1. Then
replace the [1, k1] of F2. Find the same gene [k1+1, k2] of F2
in the F1 and make up a new gene sequence according
sorting way of F1. Then replace the [k1+1, k2] of F2. Find the
same gene [k1+1, n] of F2 in the F1 and make up a new gene
sequence according sorting way of F1. Then replace the
[k2+1, n] of F2; So, it will be generate a new chromosome.

(4) It will be generate another new chromosome when
we exchange the position of F1 and F2 in the step (3). We
sign the two new chromosomes are C1, C2.

(5) End the crossover operation until selecting two
chromosomes of maximum adaptive value though
calculating the adaptive function of parent and offspring
chromosome.

So, feasible that offspring chromosome though the
cross transform. These offspring chromosomes are not only
enough for precedence constraints, but also enough for
operating range constraints.

F. Dynamic mutation operator
The Pareto optimal indiv iduals of sub groups do not

participate in individual mutation operation. The concrete
steps for the other individual crossover operation is below:

(1) Reading the odd gene sequence that represents task
sequence from chromosomes which have 2n gene.

(2) Choose the chromosome that will lead to gene
mutation according to the chromosome mutation probability
Pm.

(3) K is the position of gene mutation which is
random integer of 1 to n.

(4) The gene before position K of chromosome
remain unchanged, the gene after position K will be
recombine according to the method of rebuilding the
chromosome.

This paper uses the high dynamic mutation rate to
get sufficiently large mutation and avoid the local
optimal solution in the initial stage of the evolution [9].
With the increase of the evolution algebra gene on
chromosome become more and more better, which can
reduce the population mutation rate and avoid
disorderly evolutionary population. So, the mutation
probability formula of chromosome generation i as
follows:

p(m,i)=
Maxgen

Maxgen+i
*pm              (17)

Maxgen Max generation of Genetic algorithm is set
in the beginning

G. The termination condition
Let T be the largest iteration, t is the current

algebra evolution, to determine whether the
termination. The steps are below:

(1) If the t<T, then, with the new population as
the initial population, to continue the selection,
crossover and mutation operation.

(2) If t>T, output the optimal solution which is
maximum fitness individuals in the iterat ive process.
Then, the iteration is terminated.

H. Multi-objective optimization problem solving by
AMGA

This paper combines the method of parallel
selection and arrangement selection to solve the
multi-objective optimizat ion problem. The steps are
below:

(1) Process of parallel selection. First, the whole
population is divided into 3 parts of equal. And then
calculate each sub objective functions of these 3 parts.

(2) Process of alignment selection. Firstly, the
fitness value of individuals On 3 groups should be
sorted respectively from big to small. Secondly,
according to the ranking results, select M individual
that are arranged in front of each population. Let 3
populations of M individuals with merger do the
crossover and mutation. At last, the results of second
step will be d ivided into three equal populations
randomly.

Repeat the above steps and finally get the Pareto
solutions of multi-objective optimization problems.  
 
I. Decoding

In order to get solutions of problem, we need to
decode the chromosome. According to the decoding
process, first of all, judge operation range of i element
in the two-sided assembly line. And judge whether it
contains concurrent operation elements in the
workstation sets.
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(1). There are no concurrent operations, we calculate
the work t ime and delay time, then to compare with the takt
time. If the result is less than or equal to the takt time, the
elements I can be assigned to this workstation. On the
contrary, open the next workstation, the task will be assigned
to the next workstation.

(2). If there are same side concurrent operations, the
actual workstation time is the result of current workstation
working time div ided by the number of workers working
simultaneously. Then follow the step (1).

(3). If there are different side concurrent operation
element, so the work elements are assigned to the other
corresponding workstation. And the operation element in the
corresponding station group must begin at the same time.
Then follow the step (1).

Repeating the decoding process can be sequentially
decodes the chromosome.

V. ALGORITHM VALIDATIONS

(1) Verify the first objective function: open the least
station number. This paper analyzes and compares AMGA
with the first FFR algorithm and Qin Xing
TRPW algorithm [10]. By solving the P24 problem currently
published, verify the valid ity of AMGA for solving the
objective function of minimum open position number. P24

problem is from reference [11]. The task precedence diagram
of P24 is shown in Fig.4.

1 11 16

2 5 8 12 17 21

3

6 9 13 18 22

7 10 14 19 23

4 15 20 24

3,L 4,L 9,L

7,L 4,L 3,E 3,L 2,E 8,L

3,E 6,E 3,E 7,E 8,E

7,R 4,E 4,E 9,R 9,R 9,R

5,R 5,R 9,R 9,E

Fig.4. The task precedence diagram of P24

TABLE I
THE RESULTS OF THREE KINDS OF ALGORITHMS

Problem
takt
time
C [12]

Satisfactory
solution of FFR
[12]

Satisfactory
solution of
TRPW [12]

Satisfactory
solution of
AMGA

P24 30 6 6 5
35 5 6 5
40 4 4 4

The population size (number), iterative algebraic
(Maxgen), the crossover (PC) probability and mutation
probability (PM) required for the verificat ion algorithm were
determined by orthogonal experiment design. Result of the
population number is 20. Maxgen algebra is 200 generations.
Crossover probability is 0.8 and mutation probability is 0.2.

The calculation results by using three different
rhythms are shown in Table I.

So, as the Table I shown, compared with FFR
algorithm and TRPW algorithm, the performance of
the AMGA algorithm is better. By setting appropriate
parameters, we could get a satisfactory solution
compared with others. This algorithm can provide
better design scheme.

(2) Verify the second objective function: minimal
balance index. This paper solves the problems of the
currently published P19, P19 problem from reference
[13]. By comparing the standard PSO algorithm and
PSO-SA algorithm with the AMGA in this paper,
verify AMGA method for solving the objective
function index is effective. The task precedence
diagram of P19 is shown in Fig.5.

6

7

8

9

10

18

1

2
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17 1913
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(1,L)

(4,R)

(5,L)
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(2,L)

(9,L)

(1,L)

(4,R)

(3,L)

(3,L)

 
Fig.5. Precedence graph of P19

 
The calculation results by using three 3 rhythms

are shown in Table II.

TABLE II
VERIFICATION OF ALGORITHM

From the Table II, compared with the balance
indexof standard PSO algorithm and PSO-SA, AMGA
balance index get big improvement. The balance index
improved 52, 9087 than standard PSO algorithm, and
improved 1.0272 than PSO-SA. So AMAG algorithm
in balance index is verified the validity.

(3) Verify the third target function: min imal wait
time. Same as above, this paper solves the problems of
the currently published P20, P20 problem is from
reference [15]. We can get that AMGA is Effective

Workstation number 1 2 3
AMGA task set {1, 3, 4, 5,

11, 13, 14,
16}

{2, 7,
17}

{6, 8, 9, 10,
12, 15, 18,

19}
AMGA workstation
time 1.60 1.53 1.86
takt time 2
AMGA balance index 0.3653
standard PSO balance
index [14]

53.336

PSO-SA standard 
balance index[14]

1.5
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algorithm to solve the third objective function. The task
precedence diagram of P20 is shown in Fig.6.

Fig.6. Precedence graph of P20

TABLE III
THE COMPARATIVE RESULT

Problem The number
of work
elements

takt
time
C (s)

Result
of PSO
(s)[12]

Result of
AMGA

(s)

Improvement
(s)

P20 21 15 89 85.273 3.727

The results are solved by the AMGA and PSO algorithm
is shown in Table III. The Table III shows that the calculation
results of waiting time of AMGA improve 3.727s than PSO,
and verify the effectiveness of AMGA.

VI. CONCLUSIONS

This paper analysis the characteristics and complexity
of type I mixed model two-sided assembly line balancing
problem. And mult i-objective mathemat ical model is
established to min imize the number of stations, the balance
index and the wait t ime. An advanced mult i-objective
genetic algorithm (AMGA) is proposed to solve the problem.
It improves the satisfaction solution search efficiency. With
Compared to other published mixed two-sided assembly line
methods, verify the valid ity of the AMGA, and the method
has innovation and theoretical value, which can provide
reference for solving the assembly line balancing problem.
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Abstract - The quality for the selection of a 
supplier is related to the producing continuity and 

 performance of an enterprise. This paper uses 
the operator CWGA for selecting the supplier in the 
supply chain management. This method emphasizes the 
data itself and the location of data in the all. It can  
make full use of the assessment information and 
effectively make the gap among various suppliers to
choose the best suppliers. This method is characterized 
by strong practicability & maneuverability in the 
supplier selection process. 

Keywords - Group decision, operator CWGA, 
supply chain management, supplier 

I. PREFACE 

By the speeding up of the globalizat ion of
economy and the deepening up of the market ing 
process, the core of the market competition has 
evolved to the competition in supply chains from the 
one in enterprises [1-3]. Under the circumstances, the 
higher profit  would  be given to the one who is able  to
take the best means for the costing control and has 
more customers. As a result, it makes many 
enterprises to emphasize the supply chain 
management and tries to enhance their core 
competitive  power. The key issue of supply chain 
management now is the one of supplier selection that 
is the most important. The supplier is referred to
those who directly supply raw materials, equipment, 
and other resources and services to the enterprise. 
They can be an enterprise and its branch unit, a 
privately owned company including a manufacturer, 
a seller and the other mediate agent. To guarantee 
normal production and continuous scientific research, 
it is necessary for an enterprise to have a list of
reliable suppliers, whose role of importance is
obvious [2-4].  

It is a very important and complicated process 
to select a supplier in the supply chain management. 
It relates to the success or failure of an enterprise 
whether or an agile, competitive  and tolerant supplier 
may be found out. After the decision making 
informat ion is g iven by experts, the most thing is to
concentrate the information. The basic characteristic 
of the operator WGA (Weigh of Geometric Average) 
is that first the weigh on the importance of data is
made, and then followed  by the concentration. The 
basic characteristic of the operator OW GA (Order 

Weigh of Geometric Average) is that first the given 
data are reordered from large to s mall, weighed on
the data position, and then followed by the 
concentration. The former focuses on the data itself, 
and the latter focuses on the data position. Both 
methods are not complete. However the operator 
CW GA (Combined Weight of Geometric Average) 
takes the advantage of both operators to make more 
reasonable tackling of the informat ion. In this paper, 
the operator CW GA  is applied  in  the supplier 
selection of the supply chain management. The 
practicability and feasibility are analyzed for this 
method based on their given evaluation [5]. 

II. BASIC KNOWLEDGE 
The following related basic knowledge are first 

introduced before the supplier selection method is
given:  

Definition 1 [6] W GA:
n

j

w
jnw

jaaaWGA
1

1 ),,( , here 

),,( 21 nwwww is exponential weight vector, 

]1,0[jw , 1
1

n

j
jw , the function WGA is called 

as the operator of weigh of geometric average. 
Definition 2 [6] OW GA :

n

j

w
jnw

jbaaOWGA
1

1 ),,( , here: 

),,( 21 nwwww is exponential weigh vector 

related to OWGA, ]1,0[jw , 1
1

n

j
jw , and jb is

the jth maximal element in set of naa ,,1 , the 
function OW GA is called as the operator of order 
weight of geometric average. 

Definition 3  [6] CW GA :
n

j

l
jnlw

jbaaCWGA
1

1, ),,( , here: ),,,( 21 nllll is

exponential weight vector related to OWGA, and jb
is the jth maximal element in set of

inw
ia ),,2,1( ni , here: ),,( 21 nwwww is

exponential weight vector in set of naa ,,1 , 
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]1,0[jw , 1
1

n

j
jw , n is the balance factor, and the 

function CW GA is called as the operator of
combination weight of geometric average in n  
dimension space. 

III. SUPPLIER SELECTION METHOD IN THE
SUPPLY CHAIN MANAGEMENT 

Suppliers play an important role in the supply 
chain management. The  running 
environment is diversified due to the differences in
running orientation, culture, and atmosphere. 
Naturally the selection of a supplier must take the 
internal and external situations of the enterprise into 
account. Although the methods taken may differ 
among enterprises, the basic steps are that first the 
supplier selection evaluation index system is
established, and then weight of the index is
determined and evaluation result is summarized, and 
finally suppliers are ordered for the selection. The 
analysis for supplier selection is given as follows:  

G.W. Dickso [1], the pioneer in supplier 
selection research, gave 23 evaluation criteria in
supplier performance by analyzing questionnaires on
the purchasing agents and managers. Based on the 
continuous studies of researchers and practical 
experiences in this field, thus the supplier selection 
evaluation indexes in the supply chain management 
can generally be classified as follows [1-4]: 

(u1) Good Quality Factor: The good quality has 
an influence on marketing rates and competitive 
advantages. It is a necessary condition to guarantee 
the normal production and running whether or not the 
qualities of purchased goods meet the requirements. 
So, good quality factor is a precondition in supplier 
selection. 

(u2) Cost Factor: It can effectively reduce the 
running costs to select a supplier who provides a low 
selling price. You can acquire more room for the 
profits and good prices. Therefore the cost factor is
one of the main factors. However it  mean that 
the supplier is the best with a low selling price. You  
should have a consideration on costs, qualities, and so
on.

(u3) Delivery Timing Factor: Delivery in time 
from suppliers can ensure the continuity of production 
and running, and also influence the stock lever of a  
company. So the ability of delivery in time for a 
supplier is an important factor in supplier selection as
well. 

(u4) Service  Level Factor: The selection of a 
supplier means not only the selection of its goods but 
also its services. Therefore it  should be taken into 
account that technical support, agile order services, 
operation training, maintenances and upgrading. 

(u5) Other Factors: the other factors are those 
such as producing capacity, risk taking capacity, 
financial situations, special processing ability, and 
project management ability. 

Determination of Evaluation Index Weight: 
There are some research achievements in the 

method of determination of evaluation index weight. 
The widely used method is presented by Satty T.L., 
i.e., by comparing the importance of the evaluation 
indexes with each other the judgment  matrix is
obtained and the importance of each index is found 
out, in other words, Analytic Hierarchy Process 
(AHP) [5]. By the development of AHP and the 
presentation of fuzzy mathemat ics, people have 
gradually realized that a  consciousness has 
certain uncertainty and fuzzy nature in comparing the 
index importance. Thus the Fuzzy Hierarchy 
Analytic Process is presented by combin ing the fuzzy  
nature and hierarchy analytic process, i.e., a method 
of applying belonging lever to describe the degree of
importance between two indexes FHAP. FHAP 
method means that the fuzzy inter-compensation 

judgment matrix 
( )ij n nR r is obtained by the 

selection of scaling 0.1-0.9 to describe  the 
importance lever. Further this matrix leads to
evaluation index weight, namely, 

1

1 2 1
n

i ij
j

w r n
n .From this formula the supplier 

evaluation index weight vector in the supply chain 

management can be given as 1 2( , , , )nw w w w
pp y
, )n, . 

IV. SUPPLIER SELECTION METHOD IN THE
SUPPLY CHAIN MANAGEMENT BASED ON

THE OPERATOR CWGA 

With the study of supply chain management, the 
technologies and methods about the supplier 
selection have acquired certain achievements. There 
are main ly three methods, i.e., quantitative analysis, 
qualitative analysis, and the combination of both. But 
these methods are all based on individual evaluation. 
With the development of science and the complexity 
of the production process itself, it is easy to lead to
wrong judgment due to individual lack of knowledge 
or bias for a   decision-making. Therefore a 
group of experts from related fields in different 
majors and subjects should be employed to make the 
choice of suppliers in the process. This way will 
effectively  avoid the mistaken evaluation results due
to the lack of experiences or documents. In the 
supplier evaluation process with many participators, 
former models only take the evaluation informat ion 
of experts into account by a simple weight. This 
method is not reasonable. When synthesizing the 
evaluation results of experts, we not only need to
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consider the degree o f effectiveness of the 
informat ion given by experts, but also should 
consider the order of decisive information given by
each expert. Meanwhile, we should try to make the 
gaps among the assessing values of the suppliers as
big as possible in  objectively and reasonably 
selecting evaluation method. By doing this, the 
excellent suppliers may  appear on. In the process of
concentrating decision information g iven by the 
group of experts, we use the operator Combined 
Weight Geometric  Average. The procedures of
selecting suppliers based on the operator CW GA are 
given in details as follows [7-9]: 

Step1 Index Weight Determination:
Comparing the important lever among (u1) Good 
Quality Factor, (u2) Cost Factor, (u3) Delivery  
Timing Factor, (u4) Service  Level Factor, and (u5) 
Other Factors, and constructing fuzzy compensation 
judgment matrix, i.e., ( )ij n nR r ,

 and obtaining 

these five evaluation  weight vector, i.e ., 
1 2 5( , , , )w w w w5, )55 . 

Step2 Acquisition of Evaluation Information: 
employing m experts to form a g roup (the weight of
experts is ),,,( 21 meeee ), and to evaluate the n
candidate suppliers and obtain m evaluation matrix, 
i.e., 5( )k k

ij nP p , 1,2, ,k m, m, . 

Step3 Individual Expert Evaluation 
Information Concentration: fo r the k th evaluation 
matrix 5( )k k

ij nP p , using operator WGA  

concentration, and obtaining the k  synthetic 
evaluation vector for every suppliers as

),,,( 21
k
n

kkk hhhh , here, 
5

1

)(
j

wk
ij

k
i

jph . 

Step4 S ynthesizing All Evaluation 
Information: Selecting exponential weight vector 

1( , , )m, )m, , and selecting m experts to form 
vector for the evaluation of the ith supplier as

m
iii hhh ,,, 21 , letting jmej

i
j

i hg )( , for 
j

i
j

i ),,2,1( mj we order decreasingly and get 

vector m
iiii ,,,, 321 . Therefore, the ith

supplie  synthetic evaluation value of the operator 

CWGA is jj
i

m

j
iz )(

1
, 1,2, ,i n, n, . 

Step5 Optimal Selection: According to the 
order in magnitude of the synthetic evaluation values 

1 2, , mz z zmz  based on the operator CW GA for the n
suppliers, we can finally  select the supplier whose 
synthetic evaluation value is the maximum by the 
optimization rule. 

V. CONCLUSIONS 

In the process of selecting a supplier, all kinds of
factors should be taken into account such as quality, 
costs, delivery, and services including (QCDS rules). 
According to the  needs, we also should 
make an investigation into registered capitals, 
equipment, staff quality, production capability, and 
know-how of advanced technology. The best way for 
these is to go to with the supplier on site and pick out
the suitable supplier and refuse those undesirable. In
the last, experts from d ifferent fields are employed 
and the suitable evaluation method is used to find out 
the one you need of those candidates. Meanwhile, the 
selection of a supplier is a very complicated process. 
In this paper, the combined weight geometric average 
operator CWGA, which takes both the data itself and 
its position in order into account, is applied to the 
selection of supplier. It makes the full use of the 
information of experts, and can also pull the gaps of
the candidate suppliers with each other, and make the 
excellent ones out, and provide the decisive opinions 
for the final decision maker. 
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Abstract - The article presents progress of 
3-dimensional modeling and 5-axle machining an end 
mill based on the mathematical model of the end mills 
via Object ARX programming; the C++ programming 
scheme and the key technical issues are introduced in 
detail which can be a reference for modeling and 
simulating other kinds of mills. 

Keywords - 5-Axle machining, end mill, modeling, 
Object ARX

I. INTRODUCTION 

It is known that cutters determine the quality 
and efficiency of machining and they are the 
fundamental tools in machining, especially in 
numerical control machining [1]. With the 
development of technology in numerical control 
machining, parts that are machined are more and 
more complicated and the demands for 
high-performance machining-cutters have been 
continuously increased. In the past, cutters of high 
precision and high performance were mainly made 
from the abroad and it bared the development of the 
nation’s industries. Nowadays, a lot of researches and 
developments on the mills have been made and great 
achievements are made. For example, paper [2] put 
forward three CAD methods forming cutter profile 
with processing spiral surface which are Boolean 
operation, slice method and radius method and two 
methods of data extraction which are extraction-point 
and extraction-curve. Papers [3]-[11] introduce 
mathematical model of end mill. In terms of method 
of modeling, papers [5]-[7] use mixed programming 
method of Matlab and VC++; Paper [7] and [9] use 
VBA; Paper [8] uses VB to carry on the 
second-development to CATIA; Paper [10] and [11] 

use VC++ to carry on the second development to UG. 
As it knows that, AutoCAD is a widely used 

designing tool in industries. It can be very good in 
cooperating with the other manufacturing software 
such as Master CAM, UG and so on. Hence it is a 
valuable task to develop software in AutoCAD and 
make it cooperate with the machining center.  
AutoCAD enables its users to develop their own 
software with a development kit called ARX, which 
is the short name of ObjectARX that is provided by 
AutoDesk. Actually, there are many samples of 
software developed with ARX, as reference [12-15]. 
In terms of such a thought, we develop such software 
to model and machine the end mill in the AutoCAD. 
This paper introduces the technical details.  

II. MATHEMATICAL MODEL 

A. Spiral mathematical model 
To model and simulate an end mill, it is 

necessary to build its mathematical model first. The 
cutting edges of a mill are spiral curves and the 
surface of the mill is a spiral surface that is scanned 
by spiral and groove. By theory of computer aided 
geometric design, it is better to use parametric curves 
and surfaces for a CAD entity, as paper [10] did. 
Therefore, we build the mathematical model by a 
parametric curves and surface. By correcting some 
minor misstates in the mathematical models 
introduced in paper [10], we rebuild the mathematical 
models for flat end-mill, conic end-mill and bulb 
end-mill. 

A point on surface of revolution revolves around 
its axis to take rotation motion is cutting edge spiral. 
The following Fig.1 is cutting edge spiral.  

       X 

                      

                

                     P 

0                 pz                                         Z 

            

  Y 

Fig.1. Cutting Edge Spiral 
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Let zyxP ,,  be a point on cutting edge 
spiral, then equation of cutting edge spiral is  

    

zz
zfy
zfx

sin
cos

             (1) 

In the equation (1), zf  is the radius of 
random point on cutting edge spiral and  is the 
angle between radius and X-axle. 

B. End surface mathematical model 
Taking a four teeth end mill as an example, 

Fig.2 is its end surface. The end surface is consist of 
five parts: a rake face AB, a bottom land arc BC, a 

first-arc CD, the edge of second back facet DE and 
the edge of first back facet EF.  

Let R be cutter radius, N be number of teeth , h 
be height of teeth, 0  be tool orthogonal rake, 1

be first tool orthogonal clearance, 2  be second 

tool orthogonal clearance, 1L  be first back facet, 

2L  be second back facet, cR  be radius of chip 

flute and fR  be radius of  tooth surface arc. 
According to above value, the value of A, B, C, D, E 
and F are calculated so that integrated end surface is 
made.  

At 0z  end surface, we can get 
RyxA AA ,0, . To get the value of B, rake face 

ABL  must be calculated. Hence, line AB is extended 
firstly, and then line OS is made vertically with 

extension. At last, line OS is made paralleled with 
line BJ that is as same as line OS. The following 
Fig.3 illustrates it. 

                                     Y 

                                  A     

         2                 K  cR  B  0L

      1                      C                    h 

        2L    D       fR          0                   R 

1L   E  

   F                              0                                      X 

                              H 

Fig.2. End surface 
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2
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According to expression (2) and (3), point B 
obviously yields  

0

0

sin
cos
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LRx (4) 

Basing on A, B and cR , the C of coordinate 
value yields 
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c
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Point F will be gotten when point A rotates 

N
360 . The value is such that  

N
y

N
xy

N
y

N
xx

AAF

AAF

360cos360sin

360sin360cos
(6) 

According to the length of first back facet and 
its angle, point E is calculated. Its value is  

11

11

sin
cos

Lyy
Lxx

FE

FE                     (7) 

According to the length of second back facet, its 
angle and the value of point E, point D yields  

22

22

sin
cos

Lyy
Lxx

ED

ED                    (8) 

Because arc CD is tangency with line DE and 
arc BC, the relation is that 
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The point H will be calculated. The value is that  
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At last, point C will be calculated by the value 
of point H, point C and cR . Its value is 

22

22

22
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KHKH

KHc
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KHKH
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yyxx
xxRyy

yyxx
xxR
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xxxx
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III. STRUCTURE OF SYSTEM 

According to process of modeling and 
simulating grinding of a mill, the system structure is 
designed as Fig.4, which is composed of 7 modules. 
The first is a data-input module that receives the 
original designed from the designer. The second is a 
data preprocessing and restricted module that judges 
whether the data is right. The third is a 3D model 
module that gets 3D model. The fourth is a 
machining path module that is zigzag path. The fifth 
is a 3D mesh module that gets 3D mesh. The sixth is 
simulation that is process of grinding end mill. The 
last is NC code module. 

                              A 

                                B 
                          C      
                    J 
                          C 

                                        S 
                            0 

Fig.3. Solution to rake face 
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Input 

Data Preprocessing and Restricted 

3D Modeling 3D Mesh Machining Path 

Simulation NC Code 

Fig.4. Structure of five-axis grinding system 

IV. SOME KEY TECHNOLOGIES  

The system choose VC++ as developing tool, 
taking the need of international standards into 
consideration, because most commercial CAD or 
CAM software choose Visual C++ as development 
platform. Therefore, several key technologies such as 
3D modeling, stroke milling machining and 
mechanism simulation achieve function of system. 

A. 3D Modeling 
3D modeling technology is to describe the shape 

of objects in computer. It is practical in AutoCAD to 
describe an object by 3D model, hence we use 3D 
mesh model too. For the 3D model, we have to get an 
end surface as Fig.2 in AutoCAD. And then the end 
surface is stretched the length of a little piece. After 
that, the solid we get is moved the length and rotated 
an angle. At last, all solids are united. That is the 
process of 3D model. For 3D mesh, A PolygonMesh 
is an M N mesh, where M represents the number of 
vertices in a row of the mesh and N represents the 
number of vertices in a column of the mesh. So it is 
important to figure out the vertices. The following 
Fig.5 is 3D model and Fig.6 is 3D mesh model. 

Fig.5. 3D model 

Fig.6. 3D mesh model 

B. Stroke Milling Machining 
It is necessary to choose tool path reasonably in 

numerical control machine because it influences the 
precision of part and machining efficiency directly. 
There are two main methods, one is zigzagging and 
the other is contouring. In this system, zigzag is used 
because it fit the shape of the mill. To generate the 
path, it is important to figure out the data of cutter 
location points. The following Fig.7 is the machining 
path of zigzag. 

Fig.7. The machining path of zigzag 

C. Machining Simulation 
Simulation of machining a mill is relatively a 

complex task. Since grinding of a mill is more 
complicated than the others, it is necessary to 
simulate the grinding process. There are some points 
that are taken care of. The first point is interference 
between the grinding header and the path. The second 
point is that the normal vector of every point is 
paralleled with cutters’. When these problems are 
solved, NC code is got. The following Fig.8 and 
Fig.9 describe how to carry out simulation module 
and generate NC code. 
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Fig.8. Simulation 

Fig.9. NC code 

V. CONCLUSION AND PROSPECTION 

It takes long time to search and develop 
CAD/CAM software systems that have absolute 
self-owned intellectual property. Because devices and 
software systems form foreign are mature in grinding 
and techniques and the introduction of devices and 
software from abroad into domestic are anywhere. 
The five-axis grinding system is coming. The system 
will show 3D model, motion simulation and generate 
NC codes through inputting some key parameters, 
but it still have some problems. We hope it will make 
a contribution to the field of CAD/CAM.
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Abstract - In order to construct convenient, safe, 
high-efficiency, low-carbon, environmental friendly and 
diversified urban transport systems, based on the knowledge 
of human factors engineering, aiming at the deficiencies of 
the existing traffic lights, this paper optimized the waiting 
time, designed a convenient button and linkage induction 
door to prevent pedestrian from running the red light, used 
the wind/solar hybrid generation system instead of 
electricity to save energy,  and took other measures to 
realize the improvement of the existing traffic lights system. 

Keywords - Human factors engineering, improvement, 
transportation system, traffic lights

I. INTRODUCTION

So far, Japan, Europe and the United States have 
competed to invest a lot of money and manpower, 
established corresponding organizations engaging in 
development and application of relevant aspects, and have 
achieved some achievements, developed a series of 
relatively stable traffic control systems [1]. These abroad 
traffic control systems, after long-term applicat ion, 
technology has been relatively mature and the reliability 
of the system is relatively  high, in  the specific application 
in our country, also show some inadaptability. Chinese 
scholars are dedicated to studying urban traffic control 
systems [2].

As the traffic flows in different d irections intersects 
at road intersections, causing traffic behaviors such as 
traffic conflicts, interflow and split-flow, etc, road 
network intersections become the "defiles" of road 
capacity and the "black dots" of traffic accidents. In urban 
traffic management and control, intersection management 
is an important and indispensable component [3]. The stand 
or fall of intersection management will be the key to solve 

traffic congestion problems. Capacity  of signal 
intersection and block level of vehicles through the 
intersection are directly affected by the traffic lights 
control methods [4]. In line with the principle of the 
pertinence, feasibility, timeliness and necessity, how to 
not only maintain both low carbon and environmental 
protection, but also ensure the convenience for the 
participants and managers has become a study direction of 
development and reform of road traffic signal lights [5].

II. DEFICIENCIES OF THE EXISTING TRAFFIC 
LIGHTS

According to the results of data analysis and 
questionnaires, domestic traffic lights system has the 
following disadvantages: 

(1) Does not consider the tolerance limit of 
pedestrian for waiting time that may cause bad trip 
emotion and serious consequences in traffic disputes. 

(2) The phenomena of vehicles and pedestrians 
running red lights are common occurrences. 

(3) Does not design the special indication methods 
for special groups (such as color blindness and blind, 
etc.). 

(4) Design of traffic lights pole is unreasonable. 
(5) Most illuminant of traffic lights are the electric

incandescent lamps and low voltage tungsten-halogen 
lamps, whose low luminous efficiency, high power 
consumption and low brightness lead to waste of 
resources and huge financial investment [6].

Aiming at the above problems, some design 
measures have been taken to improve from the 
perspective of human factors engineering in this paper.

TABLE I
REASONABLE WAITING TIME

Period Direction Steerin
g

Actual traffic time 
(units / min)

Saturated traffic 
(vehicles /min)

Total 
loss time

Bes
t cycle

Best green 
time (sec)

7:00~9:00 
17:00~19:00

North and 
South

Straight 
ahead 19 70

4s 178s

50

Turn 
Left 14 65 48

East and 
West

Straight 
ahead 27 70 60

Turn 
left 5 65 20

9:00~17:00

North and 
South

Straight 
ahead 12 70

7s 51s

11

Turn 
left 15 65 12

East and 
West

Straight 
ahead 20 70 18

Turn  left 5 65 10
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III. IMPROVEMENT OF TRAFFIC LIGHTS SYSTEM

A. Waiting time optimization of traffic lights
According to human factors engineering, consider of 

the emotional aspects of psychological factors, to reduce 
the bad feelings of vehicles and pedestrians caused by 
unsuitable waiting time, which may result in a negative 
impact on people's work, study and life [7], this paper 
conducted a questionnaire, observed and recorded 
relevant data at the traffic lights, treated these data with 
statistics to come to a more reasonable duration of traffic 
lights. From the junction of Huinan town Xuanhuang 
highway and Nantuan highway [8], the experimental data 
are shown in Table I.

In addition, some intersections have fewer 
pedestrians to across, setting a button on traffic lights 
column [9], as shown in Fig.1. When pedestrian need to 
cross the road, they can press this button, then the light 
will turn green automatically, which will let drivers know 
someone across the street. Not only will it reduce 
pedestrian waiting to cross the road in time, but also can 
enhance the crossing security level, according to human 
factors engineering GB10000-1988 body dimensions of 
each value, loaded this button at 1.2m~1.4m of the traffic 
signal pole [10-12].

For the problem that blind people cannot know the 
time length of the traffic light, we install a voice broadcast 
device in traffic lights. When the blind people press this
button, the player immediately  offer low voice sound 
signal stimulus for the blind to help them cross the road. It 
can reduce the traffic accident occurred because of the 
invisible traffic lights.

Fig.1. the botton for pedestrian crossing road

B. the design of linkage induction door 
In order to control o f pedestrian not to jaywalk at the

crossroads, set the linkage induction door which is similar 
to the subway induction door at the two  endpoints of
crossing, and set up three meters long of the fence on the 
two sides of the sensor doors as shown in Fig.2. When the 
lights turn red, the induction door will close to prevent the 
pedestrians; and when the lights turn from red to green,
door responds to open and pedestrians can smoothly pass.
Referred to the book of ergonomics in which has the 
human body measurement data, the height that we design
of the induction door is 1.2m.

C. Set of beep and lights of different shapes 
Contraposing the question that color-blind people 

we design the different
traffic lights into different shapes . The red light is 
designed into triangle which means to need caution,

yellow is designed into circle warning and the green light 
is designed into square which means peaceful as shown in 
Fig.3. This improvement can take care of the co lor-blind 
people.

Fig.2. linkage induction door 

Fig.3. traffic lights with different shapes

D. Adjustment installation height of traffic lights
In order to protect road safety, the mounting height

of lights should ensure that vehicle, non-motor vehicle 
drivers and pedestrians on the road can clearly see the 
road traffic lights. According to the field of vision and 
horizon knowledge and specifications in setting up and 
installing road traffic lights, vehicle traffic lights take 
cantilevered installat ion, the installed height is 5.5m, and 
the installed location is 50 meters away  from the stop line 
to import, non-motor vehicle lights installed height of 
2.5m to 3m. If road don t have vehicle trails and 
non-motorized vehicles isolation belt, non-motor vehicle 
lights should be attached to the lights poles guiding motor 
vehicles to pass through, and crosswalk installation height 
will be 2m to 2.5m [13].

E. Use of wind/solar hybrid generation system 
Due to LED traffic lights have strong light 

penetration, no glare, high reliability, energy saving, easy 
instructions and other salient advantages, we recommend 
using LED traffic lights [14-16].

To take advantage of solar and wind energy, traffic 
lights designed for wind and solar systems to use solar 
and wind power for traffic lights in order to achieve the 
purpose of energy saving and emission reduction, Fig.4 
shows the design of wind and solar system.
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Fig.4. wind/solar hybrid system

IV. CONCLUSIONS

Starting from the human point of view, combined 
with China's national conditions, mainly accord ing to the 
knowledge of human factors engineering, some designs 
and improvements are done for traffic lights system on the 
crossroads These adopted methods are reducing 
pedestrian waiting time, preventing pedestrian from 
running red light, helping blind and colorblind people 
cross the road safely, more comfortably to observe traffic 
lights and energy saving. These five aspects have 
improved the existing traffic lights one by one. The 
optimization of the existing traffic lights will achieve the 
purpose of improving people- vehicles pass flow, 
reducing congestion, improving efficiency and 
strengthening humanization, intelligence and low-carbon.
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Abstract - Bus Scheduling Problem involves conflictive 
objectives for bus agencies and passengers. To obtain 
solutions from this multi-objective problem, an optimizer 
SPEA2, was employed to provide a Pareto set of reliable bus 
schedules. The proposed approach was applied to a specific 
bus route using historical passenger flow data. The result 
obtained in this work was compared to the results provided 
by different optimization strategy in a quoted research, 
which was to solve a similar model with Immune Artificial 
Algorithm. Furthermore, the approach to execute real -time 
control was studied and an online platform was established 
to publish the bus transit information to improve service 
quality.

Keywords - Bus scheduling, bus transit information 
system, optimization, SPEA2 

I. INTRODUCTION 
The Single Depot Bus Scheduling Problem in this 

paper was formulated as a nonlinear constrained mult i-
objective optimizat ion problem where the object ive was 
to maximize the profit of bus operators while minimize 
passenger dissatisfaction and waiting cost simultaneously. 
The constraints include lower bound of loaded passenger 
capacity, limitation of wait ing time and passenger backlog.  

A number of researches were done on the bus 
scheduling problem. Some [1] treated it  as single 
objective optimization problem while others [2-5] treated 
it as multip le object ives problem. Some made research on 
single depot scheduling [6] and others focused on mult i-
depot problem [7]. Zh iwei Yang, Shengchuan Zhao and 
Qian Zhao [2] considered both profit of both passengers 
and bus carriers and converted the problem into a single 
objective one by linear combination  of d ifferent 
objectives as a weighted sum. Ming Wei, Wenzhou Jin, 
Weiwei FU and Xiaoni Hao [3] proposed the multi-depot 
bus scheduling problem with route time constraints, 
which goal is to minimize the number of vehicles, 
deadhead and wait ing time. Improved Ant Colony 
Algorithm was used to obtain the solutions. Derong Tan, 
Jing Wang, Hanbo Liu and Xingwei Wang [4] studied a 
bi-objective problem, to minimize the number of 
dispatched buses and average waiting time of passengers, 
and used Genetic Algorithm on a bus route to optimize 
the bus departure schedule of Zibo city.  

In this study, Improved Strength Pareto Evolutionary 
Algorithm was developed to provide a Pareto set of 
explicit  bus schedule. Concerning its implementation, it 
has few parameters to regulate and performs well on 
convergence and diversity. Another important advantage 
of employing SPEA2 is that the result of the mult i-

objective design is a set of feasible solutions, which 
allows the schedule maker to select the most adequate 
according to interest and actual conditions of the bus
agency. The feature illustrates the practicality and 
flexibility of the proposed method.  

Moreover, to establish a complete system for the bus 
agency, the approach to execute real-t ime control based 
on expert system was explored and an online platform 
was established to publish the bus transit information for 
the sake of passenger convenience.  

II. METHODOLOGY 

A. The Bus Scheduling Problem 
1) Notations
In order to describe the problem more clearly, the 

notations to be used are defined as: 
l  : number of period of time in a day 
il : time period i

iT : interval time in time period i

in : times of departure in time period i , the total 
departure times of a bus in transit in one day 

it : departure interval in time period i

maxit : max departure interval time in time period i

il : upper limit of waiting time that passengers can 
accept during period i

Q : rated passenger capacity of a bus  

minq : minimum of carrying passenger capacity 

maxq : maximum of carrying passenger capacity 

mC : upper limit of carry ing capacity that passengers 
can accept 

m : number of stations on the bus route 
jm : stop j

,i j :
off the bus at stop j  in time period i

: rat io of passenger getting off the bus to total 
passenger capacity 

: cost of each single trip for a bus  
: price of a single ticket 
,i j : passenger arrival number at stop j  in t ime 

period i
,i j : number of passengers arrive at stop j  in time 

period i
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P : total passenger capacity on a bus route the whole 
day 

'P : number of passengers that are dissatisfied with 
the waiting time 

,i jx : in-vehicle passenger capacity between stop 1j
and stop j  in time period i

,i jy : number of passengers that get off the bus in t ime 
period i

Q : number of passengers that are dissatisfied with 
crowding of the bus 

iq : average rat io of carrying passenger capacity to 
rated capacity in time period i

,i j : buses stopping time at stop j  in time period i
S : total length of the bus route 

1 : cost of waiting the vehicle in every minute 

2 : cost of staying in vehicle in every minute 

1 : passenger flow in time period i
2) Assumptions

The maximum capacity of a bus is constant. 
One day is partitioned into several periods of 
time according to the passenger flow distribution 
and the departure interval in a certain period of 
time is the same. 
The passengers arrive at or get off bus stop j  in  
time period i by Poisson Distribution and the 
time of passengers getting on and off the bus is 
exponentially distributed. 
The bus runs at a constant speed on the bus route. 

3) Objectives  
A reliable schedule designed for a given bus route has 

to balance between the utility of transit agencies and 
society, so two kind of component is considered in this 
paper, including the profit of bus agencies, satisfaction of 
passengers and waiting cost of both in-vehicle and 
boarding passengers. To solve this problem, a mult i-
objective model was built. 

Objective 1: profit of bus operators 

1 100%P nw
n

operational cost is used to measure the input-output ratio 
of a bus agency. 

Objective 2: passenger satisfaction 

2
'1 ( 100%)

2
P Qw

P
Passenger satisfaction is related to dissatisfaction, 

since the sum of these two opposite sides is 1. 
Dissatisfaction is calculated here to formulate passenger 
satisfaction indirectly for the sake of convenience. 
Passenger dissatisfaction is divided into two parts in the 
same weight, which  are endurance on wait ing time and 
crowding. 

Objective 3: passengers’ waiting cost [8] 

21
3 , 2

12

N m N

i j i i
i j i i

Sw t
v

The waiting cost considers both boarding and in-
vehicle passengers, which are expressed as two parts in 
the expression. One is the waiting time cost and the other 
represents the cost of loss in terms of in-vehicle 
passengers. 

4) Constraints 
To maintain the normal operation of the bus agency 

and ensure passenger satisfaction, three constraints were 
defined as followed: 

Ratio of carrying capacity to rated capacity 
The ratio of carrying passenger capacity to rated 

capacity should not be lower than the minimum allowed. 
miniq q

This can be also expressed as:  
min

, , ,
1
( )

i
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i j i j i j
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T Q q
t

y x

Limitation of passengers’ waiting time
Departure interval should be no more than a specified 

value in each period of time. 
maxi it t

No passenger backlog 
To ensure that no passengers will be held at the bus 

stop, the carry ing capacity should be larger than number 
of passengers arrived at the station. 

max
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Based on the above analysis, the Bus Scheduling 
Problem can be described as the following multi-object ive 
problem: 
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B. Solution Methodology 
SPEA is one of mult i-objective genetic algorithms, 

which are widely applied to solve multi-object ive 
optimization problem for the advantage of simplicity,
robustness, global optimization and etc. 
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SPEA2 is an improved version of SPEA presented by 
Zitzler and Thiele [9] in  2001. Improved fitness 
assignment, archive truncation method and a nearest 
neighbor density estimation technique was proposed to 
overcome the shortage of previous method and develop a 
powerful algorithm. The optimizat ion was performed by 
SPEA2 in this paper. 

1) Multi-objective Optimization 
Each scheduling scheme, obtained from our approach 

to solve the bus scheduling problem, is a solution which 

profit, passenger satisfaction and waiting cost. The goal is 
to find the Pareto-optimal set of scheduling schemes. The 
Pareto-optimal set is constituted by the nondominated 
solutions, or to say the scheduling schemes. The 
nondominated solution, which is referred to as Pareto-
optimal, will be found if the following conditions are 
satisfied: 

The feasible  solution has a higher value of bus 

other feasible solution 
The feasible solution has a lower value for 
passenger wait ing cost than other feasible 
solution 

2) SPEA2 
The algorithm schema of SPEA2 in this work can be 

described as below [10, 11]. 
Step1: Initialization. Generate an init ial population P ,

and create the empty archive P . Here the population size 
is 100, the archive size is 80 and the maximum number of 
generations is 100.

Step2: Copy. Copy nondominated members of P  to 
P . 

Step3: Fitness assignment. Calculate the fitness values 
of indiv iduals in the external Pareto set tP  and the 
population tP . 

Step4: Selection. Select two individuals at random 
from the updated external set 1tP  and compare their 
fitness. Select the better one and copy it to the mating 
pool. 

Step5: Crossover and Mutation. Apply problem-

Step6: Termination. Stop if the maximum number of 
generations is reached, else go to Step2. 

3) Best Compromise Solution 
Upon obtaining the Pareto-optimal set of bus 

scheduling scheme, the presented approach provides 
scheduling operator with one solution from the set as the 
best compromise solution before implementation. 

III. CASE STUDY & RESULTS 

After collecting passenger flow data from No.518 bus 
route in Wuhan and analyzing them, we input the 
statistical data into the example. The techniques in this 
paper were developed based on MATLAB and C++ 
language. 

TABLE I 
SOME OF THE ACQUIRED PASSENGER INFORMATION 

Stop1 Stop2 Stop3 Stop4 Stop5 Stop6 Stop7
Distance/km 0 1.6 0.5 1 0.73 2.04 1.26
5:00-6:00 up 371 60 52 43 76 90 48

down 0 8 9 13 20 48 45
6:00-7:00 up 1996 376 333 256 589 594 315

down 0 99 105 164 239 588 542
7:00-8:00 up 3626 634 528 447 948 868 523

down 0 205 227 272 461 1058 1097
8:00-9:00 up 2064 322 305 235 477 549 271

down 0 160 123 169 300 634 621
9:00-10:00 up 1186 205 166 147 281 304 172

down 0 81 75 120 181 407 411

In this case study, there are 14 stops along the NO. 
518 bus route, and the bus runs from 5:00 to 23:00. 
According to the acquired statistics, we div ide the whole 
day into five time period. The interval time of every 
period is (60,180,420,120,300), 1,2,3,4,5iT i . The 
max departure interval t ime  is max [15,5,10,5,15]it . The 
upper limit of wait ing time that passengers can accept is

[10,4,8,4,10]il . Rated passenger number is 75. The bus 
ticket is 1.0, and the cost of each bus trip is 70.  

Some of the acquired passenger information is shown 
in TABLE .  

Based on SPEA2 method, we solved the mult i-
objective problem of this case study, and the result is 
shown in TABLE . 

The solution in TABLE  shows that intervals and 
times of departure have been modified  slightly to 
guarantee times of departure is integers. 

According to our survey, the interval time of our 
solution is satisfactory, and this method is much more 
convenient than traditional manually made timetable  
method. 

TABLE II 
OPTIMAL TIMETABLE OF NO.518 BUS ROUTE 

Period of Time Interval Time (min) Times of Departure
05:00-06:00 9 7
06:00-09:00 3 60
09:00-16:00 7 60
16:00-18:00 4 30
18:00-23:00 17 18

IV. DISCUSSION 

In order to evaluate the effect and efficient of the 
algorithm and method applied in this research, we 
compare our method with Classical GA and a method put 
forward by Zhiwei Yang et al. [1]. The comparison results 
are shown in TABLE . 

In the research of reference [1] ! ,
the author researched on Dalian bus transit and proposed 
optimization on bus scheduling based on artificial 
immune algorithm. On-trip cost of passengers expected
satisfaction of passengers and bus carriers are listed to 
make a contrast of previous schedule and new proposed 
one.

Since the weight of profits of passengers and bus 
carriers in  the quoted research was 0.3 and 0.7 separately, 
the selection of the Pareto solution follows this criterion. 
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From TABLE  we may conclude that there is little 
difference in time table between our method and GA 
method. However, our method concentrates more on the 
satisfaction of passengers. Though the expected 

satisfaction of bus carriers  in  our method (4.05998) is 
smaller than GA (5.05938), the satisfaction of bus carriers  
is much better. 

TABLE III 
CONTRAST BETWEEN EFFECTS OF DIFFERENT OPTIMAL BUS SCHEDULES 

Item SPEA2 Classical GA Method comparison
This paper Quoted Research

Bus Departure Interval [9,3,7,4,17] [13,3,10,4,14] The same for specific time period Different for every trip

Times of Departure [7,60,60,30,18] [5,60,42,30,22] Determined by the interval times Determined by all the departure 
time

Expected Satisfaction of Bus 
Carriers 4.05998 5.0593 8 Lower priority Same priority

Expected Satisfaction of Passengers 1 -0.32762 Higher priority Same priority

On-trip cost of passengers 34774.567 116523.970 Consider the on-trip cost of 
customer /

V. IMPLEMENTATION 

A bus scheduling system is usually consisted of 
hardware and software parts. Passenger data are collected 
from hardware part and transmitted to the software part to 
make further analysis, decision and control. The 
developed system integrates scheduling and informat ion 
publishing. The scheduling part is based on the profit of 
customers and bus carriers, the function of which is to 
generate regular bus timetable for a bus route and make 
real-t ime control through information feedback. In order 
to make convenience for passengers, information like 
specific bus arrival time is published on an online 
platform for passengers to view. 

A. Bus Scheduling Generation 
Bus scheduling is a routine departure timetable made 

for a specific bur route, according to historical passenger 
flow data. The fleet fo llows this timetable every day 
except when real-time scheduling is needed. 

Departure Timetable 

parameters in the objective function can be set through 
the interface before generating the departure timetable. 

Block 
Meanwhile, the sequence of buses to pull-out is the 

other important part of departure scheme. In order to 
make arrangement on the fleet, timetable, fleet size and 
rest time are several necessary factors to formulate the 
block. The Gantt chart of block shows specific departure 
time for every bus in the fleet, which is the visualizat ion 
of arrangement of bus sequence. The model d iscussed in 
this paper is Single Depot Vehicle Scheduling model, so 
scheduling approaches like cross -route scheduling and 
empty driving are not allowed. The formation  of block 
follows the principle o f First-In-First-Out. Fig.1 gives an 
example of Gantt chart of a block. 

B. Real-time Control
Real-time scheduling is a kind of supervision and 

control on buses in transit when abnormal circumstances 
happen and lead to deviation on  actual interval t ime due 
to various causes. Knowledge-based expert system is 
introduced to help operators make real-t ime control. 

Through information feedback like real-time position, the 
expert system is enabled to analyze and find out abnormal 
circumstances. Temporary scheduling schemes including 
temporary timetable, dispatching special buses like 
express buses and etc. can be provided to operators as 
reference [12]. 

1) Real-time Geographical Position 
In order to get real-time geographical position of a 

bus in transit, the method of coordinates establishing and 
transformation is introduced. The real-time coordinates of 
a bus in transit are got from GPS devices on the bus and 
send to bus scheduling center. By transforming the GPS 
coordinates into one-dimensional coordinates, they can be 
used to diagnose abnormal circumstances and forecast 
arrival time at next several stations.  

2) Knowledge-based Expert System 
The knowledge-based expert system is constructed 

with three key components: a knowledge base, an 
inference engine, and ru le sets. The expert system 
aggregates the knowledge of common knowledge of 
vehicle scheduling and expert ise on scheduling. The 
scheduling rule focuses on critical stations  [13]. Real-
time control model is applied in the ru les to make 
scheduling on the critical stations. 

Fig.2 illustrates how inference engine works in this 
system, or to say - the procedure of reasoning about an 
abnormal circumstance from recognition to format ion of 
temporary scheduling timetable. 

One of the abnormal circumstances is deadhead. X. J.
Eberlein [14] proposed a strategy to solve real-t ime 
deadheading problem to  determine at d ispatching time 
which vehicles to deadhead and how many stations to 
skip. 

C. Online Information Publishing 
Routine bus scheduling is a kind of reference for 

passengers. However, in order to achieve expected effect 
of scheduling, passengers needed be informed with more  
exact information  like arrival time about the bus in transit. 
So temporary  timetable made through real-t ime 
scheduling and arrival time forecasting is also to be 
published on an online platform for passengers to check 
by themselves [15]. This informat ion can be published on 
electronic board or other kind of termination 
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Fig.1. Gantt chart of Block 

VI. CONCLUSION 

This paper proposed a new methodology, based on 
SPEA2, to solve the bus scheduling problem, which 
simultaneously targets on profit of passengers and bus 
agency. The multi-objective optimization is designed to 
form the departure timetable, which is the tabular display 
of the scheduling scheme. 

A case study was constructed using the data from a 
bus route in Wuhan city and the results were compared  to 
the one in another research that uses Immune Art ificial 
Algorithm to solve the p roblem. The comparison result 
shows slight superiority in the aspect of customer 
satisfactory. 

developed in this paper is able to be applied to make 
guidance on the single line scheduling work. It contains 
three parts, which are scheduling generation, real-t ime 
control and online informat ion publishing. Block and 
departure timetable are the routine work of scheduling. In  
order to make temporary scheduling, knowledge-based 
expert system is introduced. The inference engine is 
designed to promptly diagnose the abnormal 
circumstances of buses in transit and real-t ime control 
model is employed to execute real-t ime control on crit ical 
bus stops. The information publishing part is mainly  
designed for passenger convenience. 

Future research will be focused on integrating more 
factors to enhance the model and developing more 
efficient algorithm for solving the problem. 
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1 Abstract - This study primarily focuses on the 

simulation of an astronaut connecting bolt action in orbit.
The upper limb model was established, which included three 
segments of upper arm, forearm, and hand, as well as three 
revolute joints of shoulder, elbow, and wrist. Joint 
kinematical parameters during one period were obtained by 
using the numerical solution of reverse kinematical equation. 
The corresponding virtual upper limb model was established 
and simulated using LifeMOD software. Thus, the 
simulation results can be validated by comparing the 
simulation trajectories of the mass center of hands with that 
of hands  motion.  Additionally, the joints  strengths
can be compared when hands move in different directions of 
the human body coordinate system. The results are useful to 
astronaut's orbital mission planning and training in the 
ground.

Keywords - Joint strength, LifeMOD, simulation, virtual 
upper limb model  

I. INTRODUCTION 
 Tasks such as performing orbital scientific 
experiments or engagFing spacecraft maintenance 

A statistical 
analysis on a  extravehicular activit ies shows the 
largest number of  task is connecting actions,
which include the following three  types: (1) string, soft 
belt and harness connection or bundled; (2) plugs, hooks 
and pins connecting the two parts ; and (3) bolts 
connecting the two parts in spacecraft. A tie or wiring 
harness connection can be simplified  to finger movements 
while plug or pin connections can be simplified as the 
motion of hand center of mass along a linear or circular 
path, A bolt operation can be simplified as the hand 
motion along an arc or circular helix trajectory. These 
connecting operations usually serve as one of 
basic activities in o rbit [1-5]. Due to being in  a micrograv ity 
environment along with expensive costs in space 
exploration, it is impossible to conduct these types of 
experiments in orbit. The approach of computer 
simulation to astronaut movements has been widely used
[6-9]. The advantages of using computer simulat ions 
include capabilities in viewing all sights, shortening 
design time, and ease of operation. This study primarily 
focuses on the simulat ion of an astronaut connecting bolt 
based on the mult i-rig id-body system theory by using the 
biomechanical software LifeMOD. Simulat ion results 
have a significant value for on-ground training and 
planning of astronaut tasks in orbit. 

                                                                
1 This work is sponsored by National Science and Technology Support 
Program  No.2014BAK01B04 

II. SIMULATION METHODS AND STEPS

A. Task descriptions and terminal motion model along 
cylindrical helical trajectory 

This task involves an astronaut tightening or 
loosening bolts operation by using his hand under his feet 
fixed in orbit, which terminal mot ions can be seen as hand 
movements along a circular line or a circu lar helix. Hand 
centroid motion along the circular line trajectory can be 
achieved by joint plane motion or three-dimensional 
motion. The movement along the circular helix trajectory 
itself is a space motion, which requires the joint 
participation of three-d imensional motion. Based on bolts
connecting operation of light loads, the task is simplified 
as an upper limb three-dimensional motion under the 
trunk fixed. Therefore, the astronaut movement can be 
treated as an upper limb motion with the mass center of 
hands move along circular helix trajectories.

Fig.1 shows cylindrical spiral motion model of the 
upper limb with hand movement along the coronal p lane 
normal d irection in human body coordinate planes. Hand 
centroid does uniform circular mot ion in the sagittal p lane 
of the body coordinate system, while doing uniform linear 
motion along the coronal plane normal direct ion. The 
terminal trajectory curve is shown in  Fig.1. The circle is
the projected trajectory in the sagittal plane. Cylindrical
helix motions of the other two coordinate axes in the 
human body coordinate system are similar to the above.

Fig.1. Cylindrical spiral motion model of mass center of hands along the 
coronal plane normal direction 

Cylindrical spiral motion equations for mass center of 
hands in the human body coordinate axis direction are 
described in the equations (1), (2) and (3).

The init ial point coordinates of hand centroid is set
, with  being uniform linear 

motion speed,  being the circular mot ion angle, 
and  being Circu lar mot ion angular velocity. Equation 
(1) represents the mass center of hand rotating
counterclockwise along circular path in  the sagittal plane 
of the body coordinates system while doing uniform 
motion along the coronal axis, 
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                      (1) 

Equation (2) represents the mass center of hand 
rotating counterclockwise along a circular path in the 
coronal plane of the body coordinates system, while doing 
uniform motion along the sagittal axis ,g g

                 (2) 

Equation (3) represents the mass center of hand 
rotating counterclockwise along a circular path in the 
horizontal p lane of the body coordinates system, while 
doing uniform motion along the vertical axis,

                      (3) 

Given the geometry, the hand centroid motion is 
known, along with quality and inert ia parameters for each 
segment of the human upper limb . Using multi-body 
system kinematics and dynamics theory, the motion 
parameters of shoulder, elbow and wrist joints of the 
human upper limb can be solved. 

B. Coordinate systems and degrees of freedom of the 
upper limb model 

Each joint (shoulder joint, elbow jo int and wrist jo int) 
in the upper limb of human body has the following three 
revolute degrees of freedom: rotations around the 
transverse axis, sagittal axis, and frontal axis in the human 
body coordinate system, respectively. Since the shoulder 
of the space suit has a rotary joint structure and the 
rotation rate of human body joints is generally s mall, each 
joint rotation around the transverse axis can be fixed, so
the upper limb  model with six-degree of freedom can be 
established. In this model, each jo int of the upper limb 
can rotate around the sagittal axis and the frontal axis in
human body coordinate system.

The inertia frame of the upper limb model is set in 
shoulder joint while the local jo int frames are set in all 
three joints of shoulder, elbow, and wrist. The coordinate 
systems and degrees of freedom of the upper limb motion 
model are shown in Fig.2, where si (i=1, 2, 3) denotes 
three joints of the upper limb model. qi (i=1, 2, , 6) 
denotes joint angles of the upper limb model, xi, yi, and zi
(i=0, 1, 2, 3) are jo int inertial and local coordinates of the 
model. 

Fig.2. Frames and degrees of freedom of the upper limb model 

C. Reverse kinematical model  
The object of the reverse kinemat ical model is to 

solve numerically the joints movement by the motion of 
the mass center of hands; the joints angles drive the 
follow-up corresponding virtual model established by the 
LifeMOD platform. Based on the multi-rigid-body system 
theory, joint kinematical parameters of the upper limb 
model can be calculated by the reverse kinemat ical 
equation [6, 7]. The joints angular velocities of the upper 
limb model can be calcu lated by the methods in [7].
Corresponding joint angles and angular accelerat ions can 
be obtained by the integration and derivation to the joints 
angular velocities, respectively.

Fig.3, Fig.4 and Fig.5 are joint angle curves of upper 
limb while hand centroid moving along cylindrical helix 
trajectories in  body coordinates axes, among which a 
circle radius is assumed 0.075m, the period is 20s.

Fig.3. Joint angle curves of upper limb while hand centroid moving 
along cylindrical helix trajectory in sagittal axis direction 
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Fig.4. Joint angle curves of upper limb while hand centroid moving 
along cylindrical helix trajectory in vertical axis direction 

Fig.5. Joint angle curves of upper limb while hand centroid moving 
along cylindrical helix trajectory in horizontal axis direction  

D. Simulation of an astronaut connecting bolt action  
1) Simulation flow of astronaut movements: Fig.6

illustrates the simulat ion flow chart  of astronaut 
movements. The first step is to calcu late joint kinemat ical 
parameters of jo int angles, jo int angular velocities and 
joint angular accelerat ions by solving the equation of the 
motion of mass center of hands based on the inverse 
kinemat ics model. The second step is to establish the 
corresponding virtual model by are obtained via the 
biomechanical software LifeMOD. Next, the dynamic 
simulation is performed by driving the virtual model with 
joint angles calculated during one period. Finally, 
simulation results are verified by comparing the 
simulation trajectory of the mass center of hands with that 
of hands known motion, and joint strengths while hands
moving  along the different motions of the human body 
coordinate plane are obtained via the biomechanical 
software LifeMOD [10-12].

Virtual Model

Dynamic Simulation

Results analysis

Trajectory comparison

Data comparison

Body segments

joints

Muscle tissue

Posture

Constraints

Joint motion parameters

Inverse kinematics model

 Multi-rigid-body system

Drive

Fig.6. Simulation flow of astronaut movements 

Fig.7.Simulation trajectory of the mass center of hands along x axis 

Fig.8.Simulation trajectory of the mass center of hands along z axis 

Fig.9. Simulation trajectory of the mass center of hands along y axis 
2) Simulation of an astronaut connecting bolt: This 

study primarily focuses on the simulation of connecting 
bolt by an astronaut. The simulation process can be 
accomplished within 20 seconds of the time interval. The 
simulation terminal model can be seen as 3 cylindrical 
helix motions for the mass center of hands moving along 
three coordinate axes in the human body coordinate 
system. Using the aforementioned methods and LifeMOD 
software, dynamical simulations of the 3 cylindrical helix
actions can be performed. The simulation trajectories of 
hands motions are shown in Fig.7 is simulat ion trajectory
of hands moving along the horizontal axis in the human 
body coordinate system. Fig.8 is simulation trajectory of 
hands moving along sagittal axis in  the human body 
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Fig.11. Projections of shoulder and elbow joint forces when the period is 
20s, and the run distance is 10cm

Fig.12. Projections of shoulder and elbow joint forces when the period is 
10s, and the run distance is 20cm 

III. CONCLUSION 

 1) Simulations of cylindrical helix motions of an 
astronaut upper limb outside the spacecraft under a 
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coordinate system. Fig.9 displays the simulat ion trajectory 
of hands moving along vertical axis in the human body 
coordinate system. It is shown that connecting bolt by an 
astronaut using his arm under microgravity environment 
can be achieved according to these animations and 
simulation trajectories of the mass center of hands.

E. Results analysis and discussion
The joints strengths of the upper limb model during 

one period can be obtained via the biomechanical 
software LifeMOD.

1) Impact on joints’ strengths along different 
coordinate axis: Fig.6 shows projections of shoulder joint 
forces when hands move along the normal directions in 
three coordinate planes of human body coordinate system 
respectively. There are nine curves in Fig.10, they include 
x, y and z curves signed with blackbody symbols which 
denote shoulder joint force projections when hand is 
moving along the horizontal axis  of human body 
coordinate system; x, y  and z curves signed with hollow 
symbols which denote shoulder joint force pro jections 
when hand is moving along the vertical axis of human 
body coordinate system; and x, y and z curves signed with 
cross and hollow symbols  which denote shoulder joint 
force project ions when hand moving along the sagittal 
axis of human body coordinate system.  The values of the 
peak projections between the curve signed with blackbody 
symbols along horizontal axis and the curve signed with 
cross symbols and hollow symbols along vertical axis  are 
basically the same, while there is smaller peak jo int force 
projection when hand is moving along sagittal axis which 
curves signed with hollow symbols. It shows less joint 
forces in the normal direction of transverse plane than that 
in both the sagittal and frontal planes. 
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micrograv ity environment were achieved in this study.
Firstly, the joints  kinemat ical parameters were calculated 
by the reverse kinematical equation; secondly, simulat ions 
of the corresponding virtual model were performed based 
on LifeMOD platform. Finally, simulat ion results were 
verified by comparing the simulation trajectory of the 
mass center of hands with that of hands  known mot ion. 
Also, the joint strength comparisons were performed 
when hands move along different motion  direct ions in the 
human body coordinate system. 

2) Three cylindrical helix motions were simulated,
which include hands moving along three axes in the 
human body coordinate system. The joint fo rces under 
different motion direct ions were compared such as hands 
moving along different axes and different motion 
velocities. The results show that less joint forces are 

ferent  axes
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ajectory in 
ystem. The 
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needed when an nds move along cylindrical 
helix path in the sagittal axis.  More joint forces are 
needed when hands move with higher velocities. It has a
great value for on-ground training and planning of 
astronaut tasks in orbit. 

3) The model used in this study has some limitations, 
that is, the fixed lower limb and torso which lead to 
inconsistency with human mot ions where most body 
joints are involved. Therefore, more research needs to be 
developed towards the simulation of the astronaut tasks 
that whole body joints participate under feet fixed. 
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1 Abstract - To identify the safety of coal mine 
production logistics system and point out the focus of the 
safety work, this paper establishes index system of resources 
based on analysis of coal mine production logistics system. 
The evaluation system can be improved by entropy weight 
method through identification of key resources. Finally, 
according to the improved evaluation system, coal mine 
production logistics system is evaluated through the support 
vector machine (SVM) classification algorithm, to 
distinguish system safety level and provide a reference for 
coal mine production logistics safety management. 

Keyword - Coal mine production logistics, entropy 
weight method, key resources recognition, support vector 
machine (SVM) 

I. INTRODUCTION

There is a b ig demand of coal resources in our country, 
thus the coal min ing has become particularly important.
But frequent disasters with  high mortality have been 
seriously influenced on the coal mine production in the 
coal industry. In the coal mine accident, nearly a quarter is 
the result of logistics. Therefore, the logistics is an 
important link in safety production of coal mine, has had a 
huge impact on coal mine safety production [1]. Coal mine 
production logistics refers to the whole process of coal 
from working face to outward t ransport [2], which can
realize all materials of whole coal mine production process 
space transfer function. Therefore, in  order to promote the 
improvement of safety production and eliminate safety 
loophole in coal mine,
between the secure state of coal mine production logistics 
system. 

At present, researches on evaluation of coal mine 
have many achievements. F. D. Wu [3] adopted Fuzzy  -
AHP method to determine the weights of evaluation 
factors of coal mine, in establishing the evaluation index 
system constructed evaluation model on the basis of safety. 
For provid ing a reference for coal mine provide a reference 
for coal mine, Li Xinchun [4] used system dynamics to 
build coal mine safety investment driving mechanism 
model and evaluated the safety investment driv ing 
mechanis m of coal mine. Through technology archives 
informat ion management in the importance of the safety 
evaluation, Liu Nan [5] introduced the technology of 
archives information in the application of the safety 
evaluation. Li Bin [6] and so on made the SVM model 
                                                                 
1 Acknowledgments: This research is sponsored by National Nature 
Science Fund (No. 71271194) and Science & Technology Program of 
Zhengzhou City (141PPTGG343).

applied to comprehensive evaluation of the essence of coal 
mine safety management which  can be qualitative 
question to carry on  the quantitative evaluation, the result 
to reasonably reflected the essence of coal mine safety
management of the status quo. According to the statistics 
and analysis on the Chinese coal mine accidents in recent 
years, Chen Kun [7] constructed the fuzzy comprehensive 
evaluation model of coal mine enterprise safety culture. It
concluded that coal mine enterprise safety culture index 
system of education train ing and rewards and punishment 
system were the key to the construction of safety culture.
Jian-ning Gao [8], ensured the safety of the mine and 
formulated prevention and cured countermeasures by 
using the grey comprehensive evaluation model of entropy 
queuing analysis to carry out the possibility of coal mine 
accidents. Yang Wei [9] got coal mine safety evaluation 
value and determined the coal rank through artificial 
intelligence neural networks method.

In conclusion, the current domestic and foreign 
scholars did many researches of the overall safety factor of 
coal mine had made certain achievements, but the study of 
evaluation in coal mine production logistics system is 
relatively rare. Zhao Mingzhong [10] has made the 
evaluation in coal mine production logistics system by the 
BP neural network. However, because of the BP neural 

minimizat ion and so on shortcomings, this method has too 
long train ing time and failure occurs in actual use. 
Therefore, this art icle employs other evaluation methods, 
in order to solve the shortcomings of BP neural network 
method to evaluate the coal mine.

This paper, firstly, uses the entropy weight method to 
identify the key safety resources for coal mine production 
logistics system, and then builds a model of support vector 
machine (SVM) classification and uses the identified key  
resources on the system to evaluate system safety state. 
Finally, verify  the effectiveness of key  resources in the 
security rating and evaluation accuracy through the 
instance. Results can reflect the coal mine production 
system safety situation objectively and accurately, and 
provide guidance for coal mine safety production.

II. COAL MINE PRODUCTION LOGISTICS SYSTEM
SECURITY RESOURCES

In this paper, based on analyzing the characteristics of 
each subsystem, it preliminary screens subsystem security 
state security resources from equipment, technology, 
personnel and so on: Mining subsystem includes 4 
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influence factors such as min ing machinery, min ing 
technology management, the relat ionship between the 
mining, mine ventilation; Ventilation subsystem includes 3
influence factors such as ventilation safety monitoring, the 
ventilation technology management, equipment 
configuration; Geological measure in the prevention and 
control of water subsystem includes 3 factors such as 
technical personnel, drainage institutions, emergency 
rescue capabilit ies. Auxiliary subsystem includes 3
influence factors such as security capacity of transport,
electrical and mechanical safety management, ability to 
predict environment.

Finally, the evaluation index system of coal mine 
safety production logistics resources are determined.

III. ESTABLISHING OF COAL MINE PRODUCTION 
LOGISTICS SAFETY STATE EVALUATION MODEL 
BASED ON IDENTIFICATION OF KEY RESOURCES

A. The Fusion principle of entropy weight method and 
SVM

First, this paper selects the key security resources of 
system. Next, accord ing to the selected security resources, 
the paper establishes new evaluation index system. Finally, 
it takes advantage of new evaluation index system to 
evaluate the system.

At present, there are many domestic about index 
evaluation methods: One kind is subjective value method. 
This method usually uses qualitative ways of 
comprehensive consulting score. However, it is difficu lt to 
reflect the objective relationship among the objects 
because of strong subjectivity. Another kind is objective 
method. Th is method is effective because it avoids the 
deviation caused by the subjective factor and is more 
objective [11]. Therefore, this paper uses the entropy weight 
method to calculate the h istory data of coal mine 
production logistics system security resources and come 
about the weight of each resource, so as to realize the 
recognition of crit ical resources. Filtrate indexes of 
evaluation system according to the crucial degree of 
system resources. 

The coal mine production logistics system security 
evaluation is a typical nonlinear, high dimension 
classification problem. There are part icularit ies of coal 
mining, h igh cost of collecting data, and the sample size is 
small. SVM is recognized  as the best tool to solve this 
problem.

B. Evaluation model
This paper combines entropy weight method and 

support vector machine (SVM) effectively. Entropy weight 
method screens the key safety indexes, and SVM is 
adopted to training  samples and build coal mine 
production logistics system security status recognition 
model. As shown in Fig.1.

The initial safety index datas

Standardization of data processing

The proportion of different 
resources calculation

Determine the entropy value of 
resources

The determination of the weights

The key 
safety
index

screening

Training sample set

Set up SVC training model

Selected SVC model
Kernel function and parameters

SVC learning

SVC
training

Test
samples

Determine the safe state

Testing

conformity

 inconformity

Fig.1. Framework of coal mine production logistics system security state 
identification model

1) The identification of coal mine production logistics
system key resources based on the entropy weight method:

Summarize each system security resources associated 
the number of accidents. ( 1,2, , ; 1,2, , )ij i n j mx is the 
number of accidents associated the resource i in the j year.

Data normalization process
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2) Establish the evaluation model based on SVM:
Support vector machine (SVM) is proposed initially

to solve the problem of two-dimensional linear separable. 
It evolved from the linearly separable case optimal 
classification plane, and the basic idea of this kind of 
classification method can be expressed in Fig.2. 
Rectangles and triangles represent two classes of samples.
In the figure, rectangles and triangles represent two classes 
of samples, H is the line of classification. H1 and H2 across 
every kind of sample points which are the nearest to the 
line of classificat ion and parallel to classification line. The 
distance between them is called classification interval. The 
effect of the optimal classification line is not only required 
to separate two kinds of samples correctly, but also make 
the largest classification interval [12].

Fig.2. The optimal classification plane sketch

Classification for line equation is 0xw b . After 
normalizat ion, it makes sample set of linearly separable
( , ), 1,2, ., , , { 1, 1}i i dx y i n x R y satisfy:

1 0i iwx by         (5)
At this time, classification interval is equal to 2/ || ||w .

To obtain largest interval, it  is equivalent to get the 
minimum of 2|| ||w . The optimal classificat ion plane 
satisfies (5) and make 21/ (2 || || )w achieve the min imum 
classification plane. The train ing sample points in H1 and 
H2 have become support vectors. According to Lagrange 
optimized method, the optimal classification p lane 
problem can transform into dual problem. The constraint 
conditions:

1

0

0, ( 1,2, , )

n

i i
i

i

y a

a i n
       (6)

To solve the maximum function:

1 , 1

1 ( )
2

n n

i i j i j i j
i i j

Q a a a a y y x x       (7)

ia is Lagrange mult iplier corresponding to each 
sample.

Through find inequality constrained quadratic 
function optimizat ion problem only solution, it can get the 
optimal classificat ion function, the optimal classificat ion 
function is get:

* *sgn sgn{ }i i iaf x wx b y x x b  (8)
SVM can be gradually extended to solve the multiple 

classification and nonlinear problems. The basic idea is to 
use nonlinear transform defined by inner product function
to conform input space into a h igh dimensional space. Find 
nonlinear relat ionship between the input variable and 
output variable in  the high dimensional space. By  the 
theory of fonctionelle, as long as satisfy the Mercer 
conditions, it can use kernel function ,i jK x x , which is 
know the specific transformat ion, to realize the linear 
classification without increase of computational 
complexity after the nonlinear transformation [13]. At this 
time, the objective function (9) turns into:

1 , 1

1Q ( )
2

n n

i i j i j i j
i i j

a a a a y y K x x     (9)

The corresponding function classification becomes:
* *sgn sgn{ }i i ix a y K xf wx b bx (10)

At present, there are three kinds of SVM commonly 
used kernel functions [14]:
Polynomial kernel function: , ( 1)d

i iK x xx x

Radial basic kernel function:
2

, 2exp( )i
i

x x
xK x

Two-layer NN kernel functions: , tanh( )i iK x kxx x

This paper will use radial basic kernel function as a 
kernel function because of its characteristics of strong 
local learning ability [15].

According to the standard in coal mine production 
logistics safety evaluation framework, it uses the 
technology simulat ion to generate sufficient number of 
evaluation index sequences.

In the number k values evaluation grades, it sets the 
lower limit and upper limit of evaluation index values are 

k
ja and k

jb . k
jy are their levels of the corresponding 

evaluation. There is the evaluation index random 
simulation formula:

randk k k k
ij k j j jx n a b b (11)

i is capacity index sequence generated by a certain 
evaluation level. 1,2,..., ki n . k is number of evaluation 
grade. j is evaluation index number. According to  
formula (11), it  can put the number k evaluation class 
into kn group ( , )k k

ij ix y . And then rearrange its subscript to
get a new sequence ( , )ij ix y . The new sequence serves as 

Research on the Coal Mine Production Logistics Security Status Based on Key Resources Recognition 321



 

 

the training sample.
In the SVM model, it regards ijx evaluation index in 

stay evaluation system as the input of the model. 
Evaluation rating severs as the output of the model.

IV. EMPIRICAL ANALYSIS

According to the analysis of all coal mine accidents in 
a certain area in the recent 3 years, this paper summarizes
the number of accidents associated to each system security 
resources. Show as TABLE I.

TABLE I
STATISTICAL TABLE OF COAL MINE PRODUCTION LOGISTICS 

SYSTEM RESOURCES ACCIDENT ASSOCIATED NUMBER
Year

Resource 2011 2012 2013

mining machinery C1 6 7 6
Mining technology management C2 2 1 1
the relationship between the mining C3 9 6 6
ventilation C4 10 9 8
ventilation safety monitoring C5 8 8 7
ventilation technology management C6 7 6 7
equipment configuration C7 7 8 7
technical personnel C8 7 7 6
drainage institutions C9 7 6 6
emergency rescue capabilities C10 1 2 1
security capacity of transport C11 7 5 6
electrical and mechanical safety 
management C12

7 8 6

ability to predict environment C13 1 1 1
Through the formula of entropy weight method, the 

data in TABLE I change into TABLE II.
TABLE II

THE WEIGHT OF COAL MINE PRODUCTION LOGISTICS 
SYSTEM SECURITY RESOURCES

CL1 CL2 CL3 CL4 CL5 CL6 CL7

0.092 0.019 0.094 0.102 0.098 0.093 0.097
CL8 CL9 CL10 CL11 CL12 CL13

0.094 0.092 0.019 0.090 0.095 0.008
It gets rid of non-critical ( iCL 0.05 ) system resources 

C2 C10 C13 to form a new system security evaluation 
system. Evaluate the system using the system security 
evaluation system.

Coal mine production logistics system security state 
is the embodiment of the various resources effective 
utilizat ion value. And resources utility value (UTV) can be 
shown as the product of total investment (TI) of resource 
and resource utilization rate (RUR):

UTV=TI*RUR (0<RUR 1)
RUR is evaluation by experts. 

Calculate the region's UTV of every  coal mine 
production logistics system. For the convenience of 
statistics and establishing of evaluation standard, it 
normalizes UTV and gets the relative resource utilizat ion 
rate (RRUR):

RRUR= (TCMI * TMUR)/ TREUVIN *100%
TCMI is the coal mine investment. TMUR is the mine 
utilizat ion rate. TREUVIN is top resources effective 
utilization value in China.

Coal mine production logistics system security state 
is divided into three grades according to the relative 
resource utilization. According to the related history data 

and expert assessment, it builds the evaluation framework. 
Shown in TABLE III.

TABLE III
GRADES AND STANDARDS OF EVALUATION

No. C1 C3 C4 C5 C6
Corresponding 
evaluation

1 Safe
2 General
3 <55% <60% <70% <65% <60% Dangerous

No. C7 C8 C9 C11 C12
Corresponding
evaluation

1 Safe
2 General
3 <65% <60% <55% <60% <70% Dangerous

Safe state represents excellent security situation in 
coal mine production logistics system, which is far better 
than the national standard level. The accident probability is 
much lower
domestic standard security situation level in coal mine 
production logistics system and keeps the average risk of 

production logistics system security is having  a serious 
shortage of resources allocation. Security level is far lower 
than the average and prone to accidents .

Select 45 coal mines in  the same place and the 30 as 
the training sample, 15 K1, K2, …, K15 as testing 
samples. Relevant test sample data are shown in TABLE 
IV.

TABLE IV
PRODUCTION LOGISTICS SAFETY RESOURCE ASSESSMENT 

FOR EACH MINE (%)
C1 C3 C4 C5 C6 C7 C8 C9 C11 C12

K1 82 92 94 93 94 87 85 98 90 93

K2 79 85 86 91 93 87 84 95 89 88

K3 78 82 87 90 91 86 85 89 86 86

K4 78 84 85 88 89 86 84 83 81 90

K5 77 69 80 88 85 85 65 83 79 77

K6 77 65 78 87 84 84 64 83 78 72

K7 77 65 76 87 84 83 64 81 75 80

K8 76 64 76 79 79 75 63 80 74 78

K9 73 64 75 74 74 73 62 78 74 75

K10 69 64 73 69 74 63 62 77 73 76

K11 69 63 57 59 68 59 61 75 72 65

K12 67 52 55 55 65 59 59 74 46 64

K13 67 45 53 53 64 49 57 73 34 63

K14 65 44 48 44 55 39 46 55 28 56

K15 63 34 28 44 35 23 23 43 26 53

LibSVM [16], which is designed By Taiwan University, 
Lin Chih-Jen, has a few adjustable parameters and 
characteristics of fast calculation. It provides the 
interactive test (including many kinds of pattern 
recognition based on regression and one-to-one algorithm)
function.

Through the matlab8.0 software, this paper uses the 
Grid search method and PSO method to solve the data 
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respectively.
The initial parameters are shown in TABLE V.

TABLE V
THE SVM INITIAL PARAMERER SETTINGS
Method Range of initial parameters
Grid search method cmax=8, cmin=-8,

gmax=8, gmin=-8
PSO method ga maxgeneration=100,

ga popsize=20,
0<c<100, 0<g<100

Through the calculation, the results are shown in
TABLE VI.

TABLE VI
THE OUTPUT OF LIBSVM TABLE

K1 K2 K3 K4 K5 K6 K7 K8

Grid search 
method 1 1 1 1 2 2 2 2
PSO method 1 1 1 1 2 2 2 2

K9 K10 K11 K12 K13 K14 K15

Grid search 
method 2 2 3 3 3 3 3

PSO method 2 2 3 3 3 3 3
The evaluation results of two methods are basically 

identical. The evaluation results and the actual situations
are much the same. Therefore, the results show that 
evaluation through the key resources of the coal mine 
production logistics system is effective, so that the system 
resources selected have a huge impact on the system. At 
the same time, this evaluation method can be applied to 
find the coal mine production logistics system security 
level, to provide guidance for the work of coal mine 
production logistics security.
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Abstract - Autonomous vehicle storage and retrieval 
system (AVS/RS) is a relative new solution for automatic 
storage and retrieval, which is based on autonomous vehicle 
technique. Based on conventional simulation technique, 
warehouse designers have to build different simulation 
models according to different design scenarios. New 
simulation technology is needed to improve the efficiency. A
universal simulation model based on modularization is 
proposed, which can quickly study different design scenarios 
and estimate the performances (the transaction cycle time 
and the utilization). Finally, the model is validated through a 
case study.  

Keywords - Autonomous vehicle storage and retrieval 
system, modularization approach, simulation 

I. INTRODUCTION 

Autonomous vehicle storage and retrieval systems 
(AVS/RS) is a material-handling facility which composed 
of vehicles, lifts and storage racks [1]. The key distinction 
of AVS/RS relative to tradit ional automated storage and 
retrieval systems (AS/RS) is the movement patterns of 
S/R devices [2]. In AVS/RS, the unit loads are handled by 
vehicles moving horizontally, moving vertically by lifts. 
Differently in AS/RS, the unit loads are handled by crane 
and simultaneously move in horizontal and vert ical 
dimensions. Compare with AS/RS, several transactions 
can be arranged simultaneously in AVS/RS and therefore 
better performances can be reached.  

With the difference of movement patterns, the 
design of AVS/RS is difficult to trad itional AS/RS. In
order to satisfy the performance requirements (transaction 
cycle time, utilization of vehicle and lift, etc), the 
designers need to decide the number of aisles, tiers, 
columns and the number of vehicles and lifts .
Furthermore, the speed, acceleration/deceleration, 
storage/retrieval strategies of vehicles and lifts are also 
need to consider.  There have been some studies to this 
design problem, such as:  

configurations of AVS/ RS [3]. In the t ier to tier 
configuration, the number of vehicle is always less than 
the number of tiers. Conversely, in the tier captive 
configuration, the number of vehicle is equal to the 
number of tiers. 

The first study on the performance of an AVS/RS 
was presented by Malmborg (2002) [2]. With reference to 
a tier to t ier  configuration, a state equation model was 
built to estimate the performance indicators: vehicle 
utilizat ion and transaction cycle time. Furthermore, 
Malmborg (2003) extended the state equation model by 
considering the proportion of dual command cycles in 

autonomous vehicle storage and retrieval systems [4].
Cycles that include both storage and retrieval transaction 
are referred to as dual command (DC) cycles, conversely,
cycles that include single transaction are defined as single 
command (SC) cycles. 

Due to the complexity of calculat ion, more and more 
studies use queuing theory to build the models. Kuo et al. 
(2007) presents a tier to tier  configuration system based 
on the imbedded queuing theory to estimate the 
transaction cycle time [5], and the imbedded queuing 
theory is the combination of M/G/V and G/G/L. Besides, 
Fukunari and Malmborg (2009) apply the network 
queuing to the tier to t ier  configuration, and estimate 
the performances of system [6]. 

As mentioned above, the analytical model can be 
built quickly and estimate system performances 
efficiently. And simulation is an accurate way to estimate 
system performances, but time consuming and 
inefficiency are the shortcoming. Therefore, in most 
papers, the combination of simulat ion model and 
analytical model is applied to the comparison and analysis .
Namely, researchers build the analytical models to 
estimate the system performances, and results are 
validated via simulation. Take Kuo et al. (2007) and 
Zhang (2009) as an example, both of them combined the 
analytical model and simulat ion model to estimate the 
performance [5, 7]. However, there are also many papers 
just rely on simulation models to estimate the system 
performances. Such as, Ekren  (2010) built the model 
based on simulat ion to estimate the effects of rack 
configuration [8]. Besides, Ekren and Heragu (2010) also 
provided model based on simulat ion to estimate 
transaction cycle time in function with dwell po int policy 
and I/O points location [9]. 

There are many factors affect the system
performance. Such as type of command cycles [4-7], rack 
configuration and storage policy [9-13]. As for the system 
performance indicators, researches mainly focus on the 
following aspects: storage and retrieval efficiency,
utilizat ion, transaction cycle time and waiting time. Roy 
(2012) presents tier to tier  configuration model based 
on half-open network queuing theory, and provides the 
calculation method of lift and vehicle waiting time [12]. In
addition, some papers also take the length of queues into 
consideration [13]. 

However, how to build a universal simulation  model 
to validate different design scenarios is still lacking. The 
warehouse designers have to build one simulation model 
to one design scenario, which is time consuming. 
Furthermore, design analysis is always neglected because 
of the inefficiency of simulation. 
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The main purpose of this paper is to offer a universal 
modularization simulat ion model to research the AVS/ RS
[14]. In addition, we also estimate the following transaction 
performance indicators: the transaction cycle time, the 
vehicle and the lift utilizat ion, assuming single aisle tier 
captive configuration [15-16].

The paper is organized as fo llows. Section II
presents a modularization approach based on simulation 
to research the system. The cases studied by 
modularization simulation are described in  Section III and 
Section IV presents the conclusions. 

II. SIMULATION MODELING 

As mentioned in Section I, simulat ion is an accurate 
way to estimate performance, but time consuming and 
inefficiency is the shortcoming. In this section, a 
modularize approach to AVS/RS is reported, which could 
quickly t ransform the simulation model to different design 
scenarios [17-18], and the simulation software used in this 
paper is Em-plant simulation (version 9.0).

Fig. 1 presents an AVS/RS system. As the figure 
illustrates, Lifts are mounted at fixed positions on the 
periphery of the storage, and the input/output point is 
located at the first tier beside each lift. In a single aisle, a  
single lift is installed, and the number of vehicles is equal 
to the number of t iers. The first position at each tier of 
storage serves as a buffer: one buffer handles the unit 
loads which have been retrieved called buffer out, the 
other one, located in the other sides of the lift, handles the 
unit loads to be stored called buffer in.  

Fig.1. An AVS/RS system 
In order to develop a simulation model that can be 

transformed via different values assignment, 
modularization approach is used in this paper. The aim of 
this approach is dividing simulation into several basic 
modules and each module can assemble with  others by 
interface [19]. The simulat ion model for d ifferent design 
scenarios can be assembled by modules via different input 
values. The simulat ion model can be determined by four 
kinds of basic modules, namely: orders module, 
warehousing information module, management module 
and rack module. Details about these modules are as 
follows: 
A. Orders Module

Before operating the AVS/RS system, we need read  
the storage orders and the retrieval orders. Due to the both 
orders have the same format and the similar functions, so 
two kinds of orders are set in same module. The order 
module dialog box is shown in Fig.2, order types are 

divided into storage orders and retrieval orders, and the 
order data come from four areas, namely: local data, 
external data, user-defined and automatic generation.  

In order to add the reusability of modules, two kinds 
of data interface are used: the Excel data interface and the 
Socket data interface. 

The local data can be written into system through the 
Excel interface by input the file name. As for the external 
data, the system can achieve telecommunications with 
external data by Socket  interface. When User-defined 
button is selected, the order information is directly  written 
into the system. Another way is Automatic generation, 
when you click this button, the system will generate an 
order with 50-line automatically. The name of goods is 
composed of alphabet and numbers, and the number of 
goods is generated randomly. 

Fig.2. Order module dialog box. 
TABLE I 

THE RANDOM PARAMETERS OF ORDERS 

Order type

Goods types (Evenly 
distributed)

Number (Evenly 
distributed)

The 
lower 
limit

The 
upper 
limit

The 
lower 
limit

The 
upper 
limit

Multi- varieties and 
large batches 1 13 7 11

Multi- varieties and 
small batches 1 13 1 5

Fewer- varieties
and large batches 1 5 7 11

Fewer- varieties
and small batches 1 5 1 5

Fig.3. The icon of order module 
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In order to better simulate the actual system, we 
provide four kinds of order types, the details are shown in 
Table I.

To facilitate the users, the order module is added to 
the software user-defined toolbar, and the icon of module 
is shown in Fig.3.
B. Warehousing Information Module 

The warehousing information module also provides
three kinds of data generation types: local data, external 
data and automatic generation. As shown in Fig.4, this 
module has the same data transmission modes with order 
module. 

Fig.4. Warehousing information module dialog box 
In the warehousing information table, the following 

informat ion is designed: the fourth column is  defined as 
tier number, and the seventh column is column number 
per aisle, and the fifth column is the bays I/O direction 
relative to vehic le. There are only two  kinds of values in
the fifth column, 0 notates the left side of vehicle and 1 
notates the right side. Obviously, any bays in the system 
can be positioned by the fourth, seventh, fifth columns. In 
addition, the third column is goods name stored in  the 
corresponding bays, and the second column is  the 
corresponding number of this  type goods.

Similarly, to facilitate the user, the warehousing 
informat ion module is added to the software user-defined 
toolbar, and the icon of module is shown in Fig.5. 

Fig.5. The icon of warehousing information module 
C. Management Module 

All kinds of order information and warehousing 
informat ion are connected by management module. 
Besides, this module can also provide storage and 
retrieval strategies for the system, and re-integration of 
orders information and warehousing informat ion is  
needed before each transaction which can be operated 
through clicking the register button. Obviously, the 
management module is the system core component. The 
management module dialog box is shown in Fig.6, and 
Fig.7 is the icon of module. 

In the actual situation, the order number is uncertain. 
In order to simulate situations with a steady stream of 
orders, this module also provides a dynamic remote order 
interface for the system. 

As for the storage and retrieval strategies, this 
module provides five kinds of transaction strategies for 
storage and retrieval t ransaction, respectively. In addit ion,
the storage and retrieval strategies are designed according 
to the heuristic. Therefore they have openness, and are 
integrated with simulation system. Details about storage 
and retrieval strategies are shown in Table II. 

Fig.6. Management module dialog box 

Fig.7. The icon of management module 
TABLE II 

FIVE KINDS OF STORAGE AND RETRIEVAL STRATEGIES 

Number Storage strategies Retrieval strategies

1 The bay containing the 
same goods has priority 
from bottom to top tiers.

The bays located in the lower 
tiers take priority over higher 
tiers

2 The half-full bays have 
priority from bottom to top 
tiers

The half- full bays have 
priority over empty bays 
from bottom to top tiers.

3 The empty bays have 
priority from bottom to top 
tiers.

The full bays have priority 
from bottom to top tiers. 

4 The bays with the shortest 
length from I/O point have 
priority

The bays with the shortest 
length from I/O point have 
priority.

5 The bays involving retrieval 
transaction have priority.

The bays involving storage 
transaction have priority.

D. Rack Module 
In order to develop a simulation model that can be 

transformed via different value assignment, the rack
module is designed, and the system model for d ifferent 
design scenarios can be assembled automatically by basic 
components via different input values.  
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The rack module builds the foundation of simulat ion 
model. As can be seen from Fig.8, through this module, 

interfaces 
are presented, the first is rack-related parameter interface,
the second is vehicle-related parameter interface, and the 
last is lift-related parameter interface, specific values are 
as follows. 

Rack-related parameter: number of tiers, number of 
columns, storage unit capacity, length of system and 
height of system. 
Vehicle-related parameter: number of vehicles, the 
maximum vehicle velocity, the accelerat ion and the 
deceleration of vehicle. 
Lift-related parameter: number of lifts, the position of 
lifts, the maximum lift velocity, the accelerat ion and 
the deceleration of lift. 

Fig.8. Rack module dialog box 

Fig.9. The icon of rack module 

Fig.10. The icon of rack basic modules 
Obviously, the efficiency of simulation is improved 

significantly by  this module. The icon of rac k module is 
shown in Fig.9, and the Fig.10 shows the icon of rack 
basic modules.

According to the above module div ision, we will 
present a transaction flow chart in Fig.11. First, the 
system will generate storage orders, retrieval o rders and 
warehousing information tables, then all these data will be 
integrated and sent to management module. Second, the 
system will assign tasks to vehicles and lift, and ready to 
performance transactions, furthermore , the corresponding 
informat ion will update after each transaction operating. 
Finally, the updated information will provide feedback 
and integrate in management module again.  

Fig.11. The transaction flow chart  

III. CASE STUDY 

In this section, we will apply the modularizat ion 
simulation approach to a single aisle AVS/RS with  tier 
captive configuration. In this paper, only single retrieval 
transaction will be taken into account. The motivation of 
this choice is twofold. First, retrieval transactions 
represent the most critical activ ities compared with 
storage transactions, and they cannot be postponed.
Second, once a single retrieval t ransaction has been 
modelled, the process may be easily extended to the case 
of single storage transaction. The flow chart of retrieval 
transaction can be seen in Fig.12. 

Fig.12. The flow chart of retrieval transaction 

tranV  time allowance for charging and discharging 
load from vehicle 

tranL  time allowance for charging and discharging 
load from lift 

T number of tiers
C number of columns per aisle 

w  unit width clearance per bay including  
allowances 
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h  unit height clearance per bay including 
allowances 

hv  maximum horizontal velocity of vehicle 

ha  acceleration deceleration of vehicle 

hd deceleration of vehicle 

vv  maximum vertical velocity of lift 

va  acceleration of lift 

vd deceleration of lift 

are: 
The number of un it loads handled per cycle by lift and 
vehicle is 1; 
Each bay and each buffer can hold two unit loads;  
The dwell point policy of lifts and vehicles is the 
point-of-service-completion (POSC). 
The transfer time of unit loads to and from vehicles is 
assumed to be 2s each. 
The transfer time of un it loads to and from lifts is 
assumed to be 3s each.  

TABLE III
MAIN DATA FOR THE SCENARIO ANALYSIS

Variable Unit of measure Data

w m 0.5

h m 0.8

hv m s 2

ha 2m s 0.5

hd 2m s 0.5

vv m s 2

va 2m s 0.5

vd 2m s 0.5

The number of tiers and number of columns have 
been taken as constant, and equal to 8 and 30, respectively. 
Besides, four kinds of order types have been examined, 
which can be seen from Table II. Retrieval strategy can be 

defined as iRS (i is equal to the corresponding number in 
Table II), and there are five options according to Table II. 
Therefore, twenty scenarios have been examined, and data 
reported in Table III have been considered.   

The models are running for 10 independent 
replicat ions, and the confidence is 90%. The simulation 

results with respect to the transaction cycle time, as well 
as lift and vehicle utilization are reported in Table IV. 

TABLE IV 
THE SIMULATION RESULTS WITH RESPECT TO THE 

TRANSACTION CYCLE TIME, AS WELL AS LIFT AND VEHICLE 
UTILIZATION 

Order types iRS
Transaction 
cycle time

[s/transactions]

Vehicle 
utilization

[%]

Lift 
utilization

[%]
Multi-

varieties and 
large batches

1 24.78 7.71% 38.33%
2 24.66 7.68% 38.54%
3 25.92 7.42% 40.66%
4 23.75 6.63% 46.94%
5 24.79 7.71% 38.33%

Multi-
varieties and 

small 
batches

1 20.76 9.74% 22.12%
2 20.36 9.69% 22.53%
3 24.77 7.71% 38.35%
4 18.24 5.64% 54.90%
5 20.73 9.74% 22.12%

Fewer-
varieties and 
large batches

1 26.55 6.93% 44.58%
2 26.62 6.94% 44.48%
3 26.68 6.98% 44.20%
4 26.62 6.91% 44.77%
5 26.56 6.93% 44.58%

Fewer-
varieties and 

small 
batches

1 23.63 7.91% 36.75%
2 23.77 7.94% 36.52%
3 24.77 7.49% 40.07%
4 22.71 6.22% 50.26%
5 23.61 7.91% 36.75%

IV. CONCLUSION 

In this paper, a  universal simulation model is used to 
research the AVS/RS. The aim of the model is estimate 
AVS/RS performance efficient and convenient. Through 
the modularizat ion AVS/RS, users just change input 
values according to different scenarios, and the 
corresponding models will be generated automatically. 
The case study showed that the simulation models could 
quickly  estimate the performance of different AVS/RS 
design scenarios. Therefore, this study proposed a useful 
way to help warehouse designers selecting the best 
AVS/RS design solution. 
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Abstract The cylinder buffer at the end of the working 
stroke of a manual spot welding was studied based on 
AMESim in this paper. Due to the special working 
environment, the buffer control needs to be simple and 
reliable, this paper used the way of exhaust throttle at the 
end of the working stroke to achieve buffer control. The
improved buffer system was analyzed and the mathematic 
model was established. And the model diagram was 
simulated by AMESim. Through the analysis of simulation 
model, the simulation parameters were determined on the 
buffering effect of the improved system. And the cylinder 
buffer capacity was improved effectively after the system 
was made better. The pneumatic system was made to adapt 
to different conditions when the throttle control value 
opening time and the throttle value area were adjusted.  

Keywords - AMESim, buffer, cylinder motion, modeling 
and simulation 

I. INTRODUCTION 

The cylinder is widely used in the pneumat ic system, 
one of its advantages is effective driving mechanis m of
high speed motion. High speed is one of the inevitable  
development trend of modern cylinder [1-2]. Improving the 
cylinder speed is not difficult, as long as increasing the 
effective area of exhaust channel can realize high speed 
driving [3]. The key question is how to make the high 
speed movement of the cylinder to be stopped in the 
terminal without developing severe impact. When the 
operation condition of the large inert ia load or h igh speed, 
the buffer is particularly important. So, in order to
effectively  avoid the impact of institutional components 
deformation and ensure the safety of the system, it is
necessary to deal with buffer control in the high speed 
movement mechanism and make the striking velocity at
the end of movement within a certain range. So, we need 
to study the process of high speed movement at the end of
the buffer and determine the appropriate buffer control 
parameters. To make the pneumat ic mechanism achieve 
high speed movement, and control the impact velocity [4-6].  

II. THE IMPROVED DESIGN OF CYLINDER BUFFER 
STRUCTURE 

The actual spot welding cylinder structure diagram is
shown in Fig.1, the cylinder is mainly composed of piston, 
steel cylinder, the front and rear end cover and the piston 
rod [7]. This structure of cylinder has a collision at the end 
of piston movement. 

To establish the simulation model in the AMESim 
software after making changes to the existing cylinder 
system. As shown in Fig.2:

1. Plunger 2. Piston 3. Plunger 4. Steel cylinder 5. The guide sleeve 6.
The dustproof plug 7. The front cover 8. Port 9. Sensor 10. Piston rod 11. 

Wear ring 12. Sealing ring 13. The rear end cover 
Fig.1. Cylinder structure 

1. Air source 2.Three-position four-way directional control valve 
3.Cylinder 4.The throttle control valve 5. Pressure relay 6.Throttle valve 

Fig.2. Pneumatic system diagram 
The cushion process of the system is: when the 

cylinder is in h igh-speed motion, the gas of the rod 
chamber exhausts through the throttle control valve; 
throttle control valve closes when it is closed to the end of
piston movement. Due to gas pressure of the rod chamber 
did not reach the setting opening pressure of the pressure 
relay, so the rod chamber pressure increases rapidly, 
absorbs the impact energy and the cylinder speed 
decreases. When the rod chamber pressure reaches the 
setting pressure of the pressure relay, the gas drain away 
from the throttle valve, at the same t ime the gas energy of
the rod chamber is released. When the gas pressure of the 
rod chamber go down to the setting pressure of the 
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pressure relay, the throttle valve no longer works, a small 
amount of residual gas is consumed by the p ipeline of the 
pneumatic system. The buffer of the system not only 
ensures movement speed of the cylinder, but also provides 
throttling exhaust at the end of the movement. 

III. THE MATHEMATICAL MODEL OF THE 
SYSTEM 

Due to the compressibility of gas, so the model 
should be set according to the basic characteristics. And it
should be analyzed according to the basic theory of gas 
dynamics and thermodynamics characteristics  [8]. Due to
the compressibility of gas, the change of gas pressure 
directly affects the gas density, and gas in the energy 
transmission and throttling process will cause the changes 
of the gas flow [9]. Therefore, we need to do the necessary 
simplification in the establishment model [10]. (1) 
Charging and discharging process of the cylinder follows 
the ideal gas law; (2) Thermodynamic process of gas 
follows the adiabatic process. The pipeline is converted to
the two chamber volume of the cylinder in the derivation 
of mathematical model and making the value components 
to be equivalent synthesis [11]. 

A. The Energy Equation  
Charging and d ischarging process of cylinder 

chamber is a kind of thermal process of a variable  system. 
According to the equation KRTsdMs=Vdp+kpdV and 
Qm1=dMs/dt, it is available of the rodless chamber 
pressure equation: 

s m1 1
1 1

1 1

kRT Q kpp = V
V V 1V1

s
1

kRT Qsp =1 V
                             (1) 

1 1 10V =A x +x                                  (2) 
Where V1 is an air intake chamber volume, m3; A1 is

the rodless cavity area; p1 is the absolute pressure of the 
cylinder cavity, Pa; x is piston displacement, m; x10 is the 
equivalent length of the cylinder clearance volume, m;
Qm1 is the mass flow rate  of the intake p ipe, kg/s; Ts is the 
air source temperature, K;

Similarly, the pressure equation of the rod chamber is
shown as follows: 

2 m2 2
2 2

2 2

kRT Q kpp = V
V V 2V2

2
2

kRT2p =2 V
                            (3) 

2 2 20V =A x +L x                                (4) 
Where V2 is the exhaust chamber volume, m3; A2 is

the exhaust cavity area, m2; p2 is the absolute pressure of
the exhaust cavity, Pa; x20 is the equivalent length of the 
exhaust cavity clearance volume, m; Qm2 is the mass air 
flow of the exhaust pipe, kg/s; T2 is the temperature of the 
exhaust cavity, K; L is the cylinder stroke, m.

For the drive system has an initial p ressure difference, 
the initial pressure of the exhaust cavity is ps, and the 
initial temperature is Ts. Based on the relationship of
isentropic-process state parameters, they must satisfy the 

equation:
k-1
k

2 s 2 sT =T p /p . 

B. The Dynamics Equation 
According to  second laws, the equations of

motion for cylinder piston are shown as follows: 

1 1 0 2 1 2 2

1 1 0 2 1 2 2

2 2 0 2 1 2 2

1 1 0 2 1 2 2

1 1 0 2 1 2 2

1 1 0 2 1 2 2

p A +p A A p A F
x=

M
(x=0 p A +p A A p A +F)

(0 x L)
p A +p A A p A +F

x=
M

(x=L p A +p A A +F p A )
x=0
x=0 p A +p A A p A +F

x=L p A +p A A +F p A

x= 1 1p1 1p A1 11

(0 x L

2p2x=
p A2

x=0

        (5) 

Where M is the mass of cylinder piston and drive 
components, kg; p0 is the atmospheric pressure, Pa; F is
the force acting on the piston, N.

C. The Mass Flow Equation 
 The flow of pneumat ic components can be expressed 
as follow: 

e u
m

u

A
Q = ( )

RT
p                           (6) 

d

u

d

u

2 1                b = 1
( )=

2                      

p
p

p
p

      = b
2

          (7) 

 Where Pd., Pu is the pressure of upstream and 
downstream, MPa; Tu is the upstream temperature of the 
pipe system, K.

D. The System Simulation Model and the Discussion 
about the Simulation Results  
 This paper simulates the pneumatic system by using 
the AMESim, the AMESim is a high-level modeling and 
simulation software launched by the French IMAGINE 
company and it provides a complete platform that 
involves the system and engineering, at the same time it
can provide the system model in various fields for the 
user including pneumatic, mechanical control, etc. This 
version of the paper is LMS Imagine Lab AMESim
REV13. In the process of simulation, the cylinder 
diameter is 65mm, the piston stroke is 50mm, and the air 
pressure is 0.7 MPa. 
 Fig.3 and Fig.4 are the simulation curves when the 
mass of load is 30kg. The solid line shows the velocity 
and displacement of cylinder rod before the improvement 
of the pneumat ic system, and the dotted line represents 
the velocity and displacement of cylinder rod after the 
improvement of the pneumatic system. There is a 
collision and rebound before the improvement of the 
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pneumatic system. It can be seen that the speed reduced to
0 m/s and then the piston has a reverse movement which 
is shown in the solid line of Fig.3 and the piston has a 
rebound that is shown in the solid line of Fig.4. After the 
improvement of the pneumatic system, the speed curve is
moderate, as shown in the dotted line of Fig.3. Finally, the 
displacement curve that is shown in  Fig.4 gradually 
reaches the maximum stroke. 

Fig.3. Cylinder speed curves. 

Fig.4. Cylinder displacement curves. 
In the process of simulat ion, the parameter settings of

the improved pneumatic system are the same as the 
original system. When the rodless cavity is inflated, and 
the throttle control value is opened, the piston gets an
accelerated motion. Closing the throttle control value after 
it is been kept open for 0.1 second. At this time, the gas 
pressure of the rod cavity rises, when the pressure reaches 
the system setting pressure, the gas in the rod cavity 
exhausts from the throttle value. When the opening area 
of the throttle value is 6 mm2 , it can provide an effective 
buffer. In the process of simulat ion, the change of throttle 
value area has a great impact on the velocity curve and 
displacement curve. When the piston area and the cylinder 
stroke change, the throttle value opening area should be
considered firstly to realize the pneumatic system buffer.  

IV. CONCLUSION 

In this paper, making a study of the exhaust throttling 
pneumatic system modeling and simulat ion, and the 
simulation model is verified right. 

(1) Establishing the motion process mathematical 
model of the single rod cylinder. The buffer impact of
exhaust process is researched. The simulation parameters 

are used the real parameters of the actual cylinder to
verify the correctness of the mathematical model. 

(2) Proposing a scheme about the improvement of the 
existing manual spot welding pneumatic system. The
scheme can solve effectively the cylinder buffer at the end 
of the piston movement. This way of exhaust throttle can
also absorb the impact energy. 

(3) Adjust the system through the throttle control 
value opening time and the value flow of the throttle 
value, in order to adapt the system to different conditions. 
Therefore, ad justing the appropriate buffer system in this 
paper is easier than the ordinary cylinder. 
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Abstract - To reduce the inspection cost and make sure 

the electronic components have high quality and 
performance, it is important for the research and design of 
more advanced automation quality inspection systems. In 
this paper, an integrity inspection system for the resistor 
color code is proposed and the detailed structure and 
performance of the system is studied and analyzed. The 
resistor rotation strategy is adopted in the integrity 
inspection system. The integrity inspection system could be 
popularized to make the resistor quality management more 
easy and stable. 

Keywords - Equipment design, integrity detector, 
resistor color code, rotation

I. INTRODUCTION 
There is a growing demand for the electronic 

components, with the rapid development of electronic, 
new material and intelligent technologies. The 
manufacturing  factories o f electronic components are 
dispersed factories, producing different kinds of electronic 
components with different sequence of operations. All the 
manufacturing processes are arranged according to the 
purchase orders from clients. The producing process of
electronic components is very fast based on the 
popularized automatic p roduction line. However, the 
duplicate production of electronic components is very 
common for the semi-manufactured products and finished 
products. The raw materials and production technologies 
have a huge influence to the quality of finished products 
[1~2]. 

The increase of electronic component varieties and 
outputs leads to the competition of d ifferent 
manufacturing factories. Therefore, the requirement of 
electronic component quality is being  stricter. The quality 
and reliability of electronic components have a great 
influence on the performance of electronic products, 
especially for the aerospace and military electronic 
products. The manufacturing factories of electronic 
components have to attach more importance to the quality 
and reliab ility managements of electronic components. 
The quality management runs all through the selecting, 
testing, purchasing, inspecting, assemblage, debugging 
and failu re analysis processes of electronic components. 
To ensure the high quality of electronic components, the 
controlling system must be a closed system, including the 
selection of components, internal quality evaluation, 
secondary screening, destructive physical analysis, failure 
analysis, quality tracking and quality databases sections. 
All the sections are all connected together. One section 
could affect all the other sections. Therefore, anyone of 
the sections is indispensable and important. The finished 
product quality of electronic components is determined by 
the closed system and all the sections. 

To make sure the electronic components have high 
qualities and performances, the quality testing and 
analyzing processes of all sections should be accurate, 
reliable and efficient. With the increasing demand for 
electronic components, the automation equipments are 
becoming widely used in  the manufacturing process. In 
the manufacturing factory with a large-lot production, the 
automation quality inspection system has a high accuracy 
and efficiency than manual inspection, without the 
problem of human weariness resulted by manual 
inspection. In the long run, the advanced automation 
quality inspection system could also reduce the inspection 
cost. Therefore, the research and design of more advanced 
automation quality  inspection systems become a tendency 
in the study of quality control process of electronic 
components. 

At present, the research all over the world on the 
online visual inspection of metal film resis tor are main ly 
focused on the identification of numerical value of 
resistances based on the resistor color code [3-7]. The 
visual inspection system for the imperfect ion of resistor 
color code has seldom been studied. Therefore, a new 
integrity inspection system of resistor color code for the 
metal film resistor is developed in this paper. The 
integrity inspection system is composed mainly by two 
parts, which are image acquisition module and 
mechanical execution module [8].  

II. PROBLEM STATEMENT 
Objective analysis of the integrity inspection system 

This study aims at developing a system for integrity 
inspection of resistor color code. The detailed equipment 
of the inspection system will be studied and proposed. 

To inspect the integrity of resistor color code, the 
completed image of the resistor color code is the most 
important part [9]. However, the image from all around the 
resistor color code of metal film resistor could not be 
obtained by only one shoot of the optical camera. 
Therefore, this study develops a new strategy by capture 
three images from different positions and different angles 
to get a completed image of the resistor color code [10]. If 
only one optical camera is available, the metal film 
resistor must be rolling forward in the image capture area 
to make sure all the surrounding color code is completely 
captured by the optical camera. Therefore, while the 
optical camera is capturing the images, the metal film 
resistor should circumferentially  rotate fo r one circle  [11],
as Fig.1 shown. 

The circumferential rotation is generally driven by a 
mechanical clamping system. The mechanical clamping 
system has many merits, such as easy controlling, precise 
rotating, mature driving  and other technologies. However, 
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the metal film resistor is too light in weight for the 
mechanical clamping system to get control. In the 
production lines, the metal film resistor will be produced, 
checked and recorded with a large amount [12~14].
Therefore, it is hard to make the metal film resistor get 
rotating. 

Fig.1. Image capture system 

III. METHODOLOGY AND RESULTS 

A. Strategy for resistor rotation 
It is necessary to simplify  the mechanical clamping 

system to cut down the cost of equipment. In this study, a 
new mechanical clamping system is proposed.

The basic function of the new system is fixing both 
ends of the metal film resistor in a groove and then 
driving the groove to make the resistor rolling and moving 
forward. The rotating speed of the resistor is controlled by 
the speed difference between the groove and conveyor. 
Therefore, the metal film resistor is rotating while moving 
forward on the conveyor. Then it is easy to capture the 
completed image of the resistor color code by simply 
placing the optical camera over the conveyor [15]. The new 
mechanical clamping system with a groove is shown in 
Fig.2.

Fig.2. Mechanical clamping system 
The detailed rotating situation of the resistor is

mainly decided by two factors. The first one is the speed 
difference between the groove and conveyor, and the 
second one is the frictional fo rce between the resistor and 
conveyor. Therefore, the mechanical clamping system 
with a h igh performance could be realized by controlling 
the speed and surface roughness of the conveyor. 

B. Mechanical actuator 
Based on the proposed mechanical cla mping system, 

the integrity of the resistor color code will be examined 
by a fixed optical camera while the resistor is ro lling 
through on the conveyor. The function of the mechanical 
actuators is to make sure the resistor could rotate through 
under the optical camera smoothly and steadily. 

Fig.3 shows the schematic structure of the 
mechanical actuator system. The mechanical actuator is 
composed by an electrical motor, powered shaft system, 
driven shaft system, supporting system, transmission 
system, detecting system and rolling system. 

Fig.3. Mechanical actuator system
In the industrial process, the electrical motor is a 

direct current electromotor with the rotational speed of 30 
rpm. The power shaft is connected with the electrical 
motor d irectly. The power shaft exports the shaft power to 
the driving shaft by a gear system with the drive ratio of 
1:4. The rotational speed of driving shaft is 7.5 rpm. Two 
chain gears with the same specification are located on the 
driving shaft. The number of the chain gear teeth is 14. 
Another two chain gears with the same specification are 
located on the driven shaft. The shaft power is delivered 
from the driv ing shaft to the driven shaft by two chains 
between the chain gears. The operation speed of chains is 
22.2 mm/s. 

The resistor rolling system is the most important part 
in the mechanical actuator system. The structure of 
resistor rolling system is shown in Fig.4.

Fig.4. Resistor rolling system
The movement of resistor is driven by the iron bar 

fixed on the chain. When the resistor reaches the friction 
block, the resistor starts rolling and moving forward. It is 
a pure rolling process when the resistor is rotating on the 
friction block. The integrity inspection of the resistor 
color code is accomplished after the res istor rolling for 
one circle. 

IV. CONCLUSION 

The integrity inspection of the resistor color code is 
very important for the quality management in the 
electronic component producing process. It is necessary to 
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perform automation production instead of artif icial 
production to ensure the high quality of electronic 
components. In this study, an integrity inspection system 
for the resistor color code is proposed. The detailed 
structure and performance of the system is studied and 
analyzed. The resistor rotation strategy is adopted in the 
integrity inspection system. The optical camera could 
receive a completed image of all surround the metal film 
resistor. It is very easy and reliable to analyze the received 
images and manage the quality of metal film resistors. 
The integrity inspection system could be popularized to 
make the resistor quality management more easy and 
stable. 
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Abstract - There are numerous problems associated with 
a greater prevalence of old age, one of which is dementia.
The prevalence of dementia increases year by year, and 
patients with Alzheimer's disease account for the largest 
proportion of patients with dementia. In early stages of 
Alzheimer's disease patients have significant episodic 
memory impairment. An experiment was conducted to 
explore the differences in episodic memory performance 

aging. 
In the experiment, participants carried out a place-object 
word pair recall task. Different consistency of word pairs 
and delays before recall was allowed were investigated.

showed impairments in 
episodic memory performance. The results showed better 
performance for consistent word pairs, and for immediate 
recall. Based on these results, we offer some suggestions for 
auxiliary devices and cognitive therapies that might be used 
in the future 

Keywords - Alzheimer  disease, consistency, episodic 
memory, recall delay

I. INTRODUCTION   
 The prevalence of dementia increases year by year 
and Alzheimer's disease patients account for the largest 
proportion of those with dementia . Because of brain 
damage associated with Alzheimer's disease, patients 
have deficits in episodic memory [1], which is evident 
from early  in  the disease process [2]. Episodic memory 
refers to memory regard ing specific events, places, and 
times [3]. Baddeley and Hitch (1974) [4] proposed that 
there are three parts of short-term memory, a v isuo-spatial 
sketch pad, a phonological loop, and a central executive 
unit. The visuo-spatial sketch pad is responsible for v isual 
and spatial memory; the phonological loop is responsible 
for auditory and semantic memory; and the central 
executive unit is required to coordinate and control 
informat ion delivery between the visuo-spatial sketch pad 
and the phonological loop. Baddeley (2000) [5] p roposed 
the concept of an episodic buffer; he suggested that there 
are mult idimensional memory buffers , involving both 
phonological and visual memory units. Other scholars [1, 
6, 7] have used various stimulus bindings (e.g., d ifferent 
times, sequences, and modalities) in visual memory tasks 
to explore the episodic buffer model. They found that 
people can bind the different stimulus dimensions, and 
difficulty levels vary, depending on the nature of the 
stimuli.
 To explore ep isodic memory, 

Stories, word pairs, and individual words are manipulated 
in recall and recognition tasks to assess episodic memory,
as well as geometric pictures. Wechsler Scale of 
Adult Intelligence [8] also uses a word pair task to assess 

episodic memory. Bäckman (2001) [9] used a concrete 
word recall and recognition task to assess the episodic 
memory performance of patients. Participants should free 
recall the word that they saw after the presentation of 
stimuli. Then, there would present some words as stimuli, 
and participants were asked to determine whether these 
words ever appeared in the free recall task or not. In 
contrast, N  et al. (2005) [10] used pictures whose 
content was arbitrarily co lored red  or g reen to assess the 
episodic memory performance of patients with mild 
cognitive impairment. To increase the connection between 
color and picture, participants were asked to suggest 
reasons for the coloration based on their own personal 
experiences. In a subsequent recall task, part icipants we 
required to state the color each p icture had during its 
initial p resentation. It was found that patients had 
significant impairment in their memory performance. 
Small and Sandhu (2008) [11] exp lored the differences in 
episodic and semantic memory performance between 
Alzheimer's disease patients and normally ag ing controls.
Two factors, familiarity and time, were manipulated in 
their study. They used common, unique, dated, and 
contemporary pictures instead of words as the stimuli. 
They found that patients and controls performed best on
common and dated words in a naming task. This indicates 
that the long-term memory of patients may be intact. 
 However, the semantic recall tasks which  only word 
or unrelated word pairs  used in prior research may have 
been too simple to accurately assess episodic memory.  
To improve upon prior tasks, the present study took 
connection concept into account; we manipulated word 
pairs that consisted of a place noun and an object noun. 
The specific place and the specific object constituted an 
episodic memory. Participants were tasked to  recall the 
specific object. To assess the ability of episodic memory 
to accurately discriminate between 
patients and individuals ag ing normally, these stimuli 
were designed to be relevant to the real life o f part icipants.  

II. METHODOLOGY 
 To explore d ifferences in episodic memory between 

individuals aging 
normally, a  place-object word pairs recall task was used.
The consistency of word pairs and recall delay were 
manipulated in the experiment. We investigated the recall 
of given words under different conditions. 

A. Participants 
 Twenty-four ind ividuals participated in the 
experiment. They were div ided into two groups: 

 (n = 12; mean  age =76.42 
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years, SD = 5.35; 8 women), and a normal aging group (n 
= 12;  mean age = 73.67 years, SD =5.789; 5 women). The 

 patients were recru ited from the 
National Taiwan University  Hospital, Yun-Lin Branch. 
All patients were in early stage ; their 
score on the Clin ical Dementia Rating scale (CDR) was 1. 
Normally aging controls were chosen from the 
Association for the Older in Yunlin. A ll participants in the 
normal aging group had no known organic brain disorder.  

B. Materials 
Forty-eight word pairs, which consisted of one place 

noun matched with one object noun, were manipulated in 
the experiment. The word pairs were divided into two 
categories: consistent word pairs and inconsistent word 
pairs. Consistent pairs were those where the place and 
object would normally appear together (e.g., class room 
and black board). Conversely, inconsistent pairs were 
places and objects that would not normally  appear 
together (e.g., toilet  pillow). And there would broadcast 
an auditory episodic context simultaneously when every 
word pair appeared. This background sounds were played 
to establish an episodic context for each pair.  The 
auditory episodic context was a sentence which consisted 
of the place and object of the word  pairs . (e.g., the word 
pair is class room and black board; the ep isodic context is 
that teacher writes his name on the blackboard.)  

C. Experimental Design 
 The experiment used a 2×2×2 factorial design. The 
between-participants factor was health s tatus (i.e., 

versus normal aging). The within-
participants factors were consistency of word pairs and 
recall delay. Consistency of the word pairs had two levels ,
namely consistent or inconsistent. Recall delay also had 
two levels, namely immediate or delayed recall, denoting 
whether participants recalled the corresponding word of a 
pair immediately after the stimulus disappeared, or 
whether a 15 s pause was interposed before recall.
Dependent variables consisted of recall accuracy and 
response times. Participants received twelve trials of each 
experimental condition. To minimize learn ing effects and 
fatigue, the order of presentation of conditions was 
counterbalanced. 

D. Procedure 
 First, the purpose and procedure of the experiment 
was explained to the participants, and their written 
consent sought. The participants were g iven two pract ice 
trials. The experimenter confirmed the recall accuracy of 
these trials before beginning the formal experiment. A 
notebook PC was placed 35 cm from the part icipants . The 
stimuli, which were p roduced using E-Prime 2.0 software, 
were p resented on the center of the screen. A trial 
schematic is shown in Fig.1. First, instructions were 
presented on the screen, to inform the participants what 
they should do in the experiment. Then, a fixat ion cross 
was shown. Next, a word pair was presented on the screen 
for 6 s, accompanied by an auditory  episodic context. 

Participants were to remember the object noun 
corresponding to the place noun in every trial. In the 
immediate recall condition, participants stated the object 
of the word pair immediately after the stimulus 
disappeared. However, in the delayed recall condition 
there was a 15 s pause after the stimulus before verbal 
recall was allowed.

Fig.1. Procedure for the word pair recall task with delay 

III. RESULTS 

A. Data Analysis  
Response time and accuracy data were co llected. We 

conducted analysis of variance (ANOVA) on the data 
using SPSS 2.0. When significant interactions between 
factors were identified, a least significance difference test 
(LSD) was used to compare the different levels of each 
factor. 

B. Response time 
We conducted an ANOVA on the response times of 

participants (Table I). The analysis revealed  a significant 
interaction between health status and recall delay (F (1, 22) 
= 5.1, p = 0.034). An LSD post-hoc test revealed that the 

better 
for immediate recall (mean = 7427 ms) than delayed 
recall (9486 ms; F (1, 11) = 6.884, p = 0.024). However, 
performance of the normal aging group was not 
significantly d ifference fo r the immediate versus delayed 
recall (F (1, 11) = 0.908, p = 0.361). For both levels of 
delay, the were slower to 
respond than the normal aging group (immediate: F (1, 22) 
= 11.226, p = 0.003; delayed: F (1, 22) =14.176, p = 
0.001). 

The analysis revealed a significant main effect of 
health status (F (1, 22) = 13.375, p = 0.001). Part icipants 
experiencing normal aging were faster (mean = 2022 ms) 

is, Alzhe
episodic memory performance (Fig.2).
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Additionally, the main effect of recall delay was also 
significant (F (1, 22) =7.755, p = 0.011). Overall, 
participants were faster for immediate recall than delayed 
recall. Nevertheless, there were no differences in 
performance contingent on the consistency of the word 
pairs (F (1, 22) = 0.083, p = 0.776). 

TABLE I 

DISEASE PATIENTS AND NORMALLY AGING PARTICIPANTS 
ON A WORD PAIR RECALL TASK 

Fig. 2. Interaction between health status and recall delay (AD: 
; Normal: normal aging) 

C. Accuracy 
 Similarly to the response time data, we conducted an 
ANOVA on the accuracy data of participants (Table II).
The analysis revealed that the interaction between health 
status and word pair consistency was significant (F (1, 22) 
= 4.475, p = 0.046). The normally aging part icipants 
performed perfect ly on consistent word pairs (accuracy = 
1.000). This group also performed well on inconsistent 
pairs (accuracy = 0.977). Thus, fo r normal aging, there 
was no difference between consistent and inconsistent 
word pair recall
had poorer accuracy for the inconsistent condition 
(accuracy = 0.924) than the consistent condition (accuracy 
= 0.958). A LSD post-hoc test revealed that the 

statistically significant between the two consistency 
conditions (F (1, 11) = 5.901, p = 0.033). Furthermore, 

the normal aging group 
had different performance on inconsistent word pairs (F 
(1, 22) = 7.141, p = 0.014). However, there was no 
difference between the two groups for consistent word 
pairs (F (1, 22) = 3.828, p = 0.063). 

Fig.3. Interaction between health status and word pair consistency (AD: 
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IV. CONCLUSIONS 

 The results of the present study also showed that 

recall was delayed. Karlsen et al. (2010) [1] also 
manipulated different recall delays in a geometric shape 
and color connection task. The findings were similar to 
the present study, in that participants performed better 
when there was no delay imposed before recall. John et al. 
(1996) [14] proposed two resources, primary and 
secondary memory, used to store and retrieve memories.
The primary memories recede in t ime in the delayed recall 
condition. There only the secondary memory remains in 
the brain after a period of time. Thus, participants are 
expected to take longer to retrieve such memories. John et 
al. named this phenomenon a recency effect.

In the present study, it  was found that participants ,
specifically , performed worse in an 
episodic memory recall task when the word pair was 
inconsistent. That is
more mistakes when the word pair was inconsistent. Sarah 
et al. (2013) [15] 
patients had poor performance when they performed  an 
associated episodic memory retrieval task. The
cortical damage would lead to their declining ability to 
make ep isodic memory connections. As such, they 
struggled to recall intact episodic memories and made 
numerous incorrect memory retrievals. Furthermore, 

Wang et al. (2013) [16] proposed that people usually use 
their past experiences to form memory recall strategies. In 
the present study, participants could not use their past 
experiences for inconsistent word pairs which is different 
from the normal condition appeared in daily life to recall 
the memory.  Furthermore, these inconsistent words might 
interfere participants in memory process.
 Overall, when information is provided 
disease patients, the information should be as closely 
related to their personal experiences as possible. Familiar 
experiences help patients to connect and retrieve 
memories quickly and correctly. Additionally, one should 
take account of the importance of recency effects when 
patients recall memories.
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1Abstract - This paper presents a new capacity allocation 
approach to design or redesign an assembly job-shop with 
stochastic orders and processing times. The solutions for 
capacity allocation can be adding or removing workers and 
machines at every work stations. A bi-criteria objective 
function comprising tardiness penalty and fixed costs is used 
to evaluate each solution. A modified simulated annealing 
procedure coupled with a simulation model is used, and 
convergence is accelerated through a gradient-based 
heuristic based on bottleneck analysis. A case study in an 
assembly job-shop for refrigeration equipments is provided 
to reveal the feasibility and validity of the new approach. 

Keywords - Assembly job-shop, bottleneck analysis,
capacity allocation, gradient-based heuristic, simulated 
annealing 

I. INTRODUCTION 

 In recent years, market demand for manufacturing 
products is increasingly diversified and customized. The 
production scheduling and control is complex when a 
large fraction of products are manufactured in  an 
assembly job-shop under a make-to-order production 
policy, as it processes a high variety of jobs at low 
volumes with different routings and different due dates. In 
many studies, it is generally assumed that the capacity at 
each work station is determined. However, in  practice, it 
is often needs to be changed dynamically [1, 2]. This 
paper will address optimal planning for capacity 
allocation in an assembly job-shop to support long term 
(several months to years) decisions under a given 
dispatching rule with stochastic orders and processing 
times. 
 For capacity allocation, most problems need to 
allocate mult iple capacit ies of different work stations 
simultaneously. These are complex optimization problems. 
Some studies use simulation models as well as meta-
heuristics algorithms in the design of the manufacturing 
systems. Arakawa and Chen [3, 4] presented a simulation 
model for job-shop scheduling incorporating capacity 
adjustment. In their study, pattern search method and 
genetic algorithm (GA) are used to restrict capacity. Yang 
et al. [5] used the particle swarm optimizat ion (PSO) 
algorithm for integration of production scheduling and 
capacity planning in a job-shop. Shahabudeen et al. [6] set 
the parameters of a mult i-product Kanban system using 
simulated annealing (SA); the parameters include the 
number of machines at each work station. In another 
study of Shahabudeen et al. [7], they set similar 
parameters of an assembly line using GA. In all these 
                                                                
1 This paper is supported by 
Central Universities (N130323018) .

studies, the optimization algorithms usually use local 
search to reach the optimum solution from an init ial 
solution. Coupled with simulat ion models, many 
alternatives were examined by simulation in the search 
procedure. This generally caused the algorithms to be 
time consuming in solving large-scale problems. 
 An effective neighborhood-generation method is 
helpful in accelerating convergence and controlling the 
run time of the local search procedure. In this paper, 
bottleneck analysis is used as approximate discrete 
gradients of the objective function of the weighted 
tardiness. A modified simulated annealing is also 
presented, in which the neighborhood-generation is 
guided by the approximate discrete gradients in order to 
reduce the run time of the optimization procedure. Based 
on the proposed method, in this paper a capacity 
allocation tool is implemented by using Microsoft SQL 
Sever 2008, which consists of an optimizat ion model, a  
simulation model, a bottleneck analysis method and a 
modified simulated annealing named gradient-based 
simulated annealing (GBSA). This capacity allocation 
tool is applied to an actual mechanical assembly 
workshop and the results reveal the feasibility and validity 
of the new approach.  

II. OPTIMIZATION MODEL 

 In this section, we present the conceptual 
optimization model for capacity allocation in an  assembly 
job-shop. A central issue is how much capacity should be 
allocated at each workstation not only to satisfy the 
customer demand but also with a lowest cost.  

In this study, the alternatives for capacity allocation 
are assumed to be adding or removing workers and 
machines. It is assumed that in an assembly job-shop that 
consists of m workstations, a linear array s = [c1, c2,… , cm] 
is the solution vector of the capacity allocation  problem, 
where cj is the alternative number o f the capacity level at 
workstation j, for j =  m. The solution space is the
set of discrete vectors s, denoted as S. 

For make-to-order production, the weighted tardiness 
is commonly used as the performance measure of a job-
shop. In this study, a purpose of capacity allocation is to 
fulfill the due dates of all jobs as much as possible 
through reducing the weighted tardiness . Assuming that n
jobs will be manufactured in an m-workstation assembly 
job-shop in a q-month period, we can formulate  the first 
objective-function component to represent the weighted 
tardiness of the assembly job-shop as follow: 

T TP LS C D

1
( ) max( ( ) ,0),

l

p

l i i i
l i I

z s w n x s x         (1) 
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where wTP 
i is the tardiness penalty weight for job i, xC

i (s) is 
the complet ion time of job i in solution s, and xD

i is the due 
date of job i. In the capacity allocation tool, each wTP 

i  is 
assumed to be given in the q-month planning period.

Another objective of capacity allocation is to reduce 
the cost of the allocated capacity, which main ly consists 
of the depreciation of machines and the salaries of 
operators. Based on the monetary values of the 
depreciation per month per machine wM

j  and the salaries 
per month per operator wO

j  at each workstation j in the q-
month period, fo r a solutions s with the number of 
machines nM

j (s) and the number of operators nO
j (s), the 

second objective-function component can be expressed as 
C M M

1
( ) ( ).

m

j j
j

z s q w n s                       (2) 

The two objective terms are considered together in 
this study. Hence, the optimization model with a bi-
criteria objective function is

T Cmin ( ) ( )z s z s                        (3) 
subject to: .s S                        (4) 

III. GRADIENT-BASED SIMULATED ANNEALING 

Kirkpatrick et al. [8] firstly presented SA in 1983. In 
its neighborhood search, SA accepts inferior solutions 
according to a probability in order to bypass local 
optimums. But  it  is t ime consuming in solving  large-scale 
optimization problems coupled with simulation models. 

The result of the bottleneck analysis can aid in 
pointing toward the direction of the ma ximal decrease of 
the objective function. Taking this result as an 
approximate gradient of the objective function, the 
neighborhood generation in the meta-heuristic procedure 
for capacity  allocation can be guided to accelerate
convergence and thus, reduce the computing time. A
similar approach can be found in a few other studies on 
the hybrid algorithms, each of which consists of a
gradient-based method and a meta-heuristics algorithm 
[9]. But these hybrid methods do not deal with the 
condition of an absence of an effective method to 
calculate the gradient of the objective function except by 
simulation. In this paper, using the results of the 
bottleneck analysis as approximate grad ients, we couple 
the approximate gradients with simulated annealing (SA) 
and present a hybrid method named gradient-based 
simulation annealing (GBSA) as follows: 

Step 1: Input the control parameters of GBSA: In itial 
temperature Ti, terminat ion temperature Tf, cooling rate , 
freeze limit and accept limit . Take Ti as current 
temperature T. Generate an initial solution s0. In the 
experiments of this study, the s0 is generated according to 
the practical current solution in the actual case and 
generated according to the mean capacity requirement 
added 20% protective capacity in each randomly 
generated case. Perform a simulat ion to calcu late the 
objective-function value z0 of the solution s0. 

Step 2: Detect the bottlenecks in the assembly job-

shop. To detect and measure the shifting bottlenecks in  an
assembly job-shop, a state equations method has been 
presented by Huang et al. [10]. Although this method is 
not an exact one, it  is very robust, easy to apply and has 
the ability to detect the bottlenecks in steady state systems 
or non-steady state systems.

Step 3: Suppose there are M solutions s0h (h=1, 2, , 
M) neighboring to solution s0 (only the capacity at a 
workstation is modified by plus 1 or minus 1 in the 
ordinal number of the solution space). Based on the 
results from the bottleneck analysis , an estimated
objective-function value z(s0h) fo r each  neighbor s0h is 
computed by state equations. Then, a new solution s1 is 
chosen from the M  solutions according to a probability 
shown as follows: 

max 0
1 0

max 0
1

( )
P( ) ,

( )

h
h M

h
h

z z s
s s

z z s
                    (5) 

where zmax is the maximum in  z(s0h), h=1, 2,  M.
Therefore, the neighbor of a better estimated objective-
function value has a h igher probability  to be chosen in 
order to accelerate convergence. Parameter in Eq. (5) is 
a new control parameter used to adjust the impact of the 
estimated gradient on the neighborhood generation. Based 
on pilot experiments, we observe that when the objective-
function value has a large improvement in  the previous 
iteration indicating that the guidance of the gradient 
works well at this stage of the search procedure, should 
be set to a larger value to make full use of the guidance of 
the gradient, or else should be set to a smaller value to 
have a better chance to move from one local min imum 
area to another one. For this consideration, in this study 
is set to 1 at the beginning of the search procedure and 
will be adjusted at each iteration as stated in Step 4. 

Step 4: Perform a simulation to calculate the 
objective function value z1 in the new solution s1 z =
z1 - z0. If z < 0, the new solution s1 will replace the 
current solution s0; otherwise, apply a p robability P(A) = 
e- z/KT , where K is a constant, to determine whether the 
new solution will replace the current one. Set =
| z |/(| z|)max, where (| z |)max is the maximum among all 
the | z| values in the past iterations.  

Step 5: The current temperature T is adjusted after 
every  iterations according to Tf or the 
solution has not been improved for too many consecutive 
iterations to overstep , stop the neighborhood search; 
otherwise, go to Step 2. 

Step 6: Report s0 and z0 as the final solution and its
objective function value, respectively.  

In GBSA, the neighborhood-generation is according 
to a probability obtained by the bottleneck analysis, which 
is different from the random method in the classical SA. 
This method speeds up the search for a better solution in 
the area with the most potential while still allows the 
search to move away from a local area to another. Thus, 
the neighborhood search may stop earlier as controlled by 
 and the computing time is reduced. 
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IV. COMPUTATIONAL EXPERIMENTS 

In this paper, a case study is tested using the proposed 
GBSA. The case consists of 3 types of orders and 5 work 
stations. The parts of the products are fabricated at work 
stations 1 to 4 and the products are assembled  at work 
station 5. 

There are 3 to 10 machines at each of the 5 work 
stations. The scheduling method used in this workshop is 
a dispatching rule, earliest due date with the t ie broken by 
first come first service (EDD/FCFS), for it is very easy to 
be applied in a dynamic assembly job-shop with 
stochastic demand and processing times. Within  a work 
station, the scheduling is complex in this workshop. For 
we have not enough detailed records about it, according to
the production manager s suggestion, we make an
assumption that a task can always make fu ll use of the 
capacity within a work station and the processing time of 
the tasks processed at the work station will 
decrease/increase linearly  with adding/removing capacity 
to the work station.  

In the simulat ion model, inter arrival times of the 
orders and processing times of the tasks are generated in 
exponential distributions; constraints of lead times,
tardiness penalties per hour and depreciation of machines 
are set to be fixed values. These data is shown in Table I 
and Table II.  

The simulation software  was developed in Microsoft 
SQL2008. The simulat ion for any g iven solution was 
performed in the duration of 24000 hours. The 
simulations were all performed in a personal Pentium IV 
computer with 2.4G CPU and 2G memory. The mean 
simulation time of each  simulat ion (including the t ime for 
bottleneck analysis) is 32.5 seconds in this case. 

TABLE I 
DEMAND REQUIREMENTSAND TARDINESSPENALTIES 

Product 
Type

Mean inter 
arrival t ime of 

orders
(hour)

Constraints of 
lead time (hour)

Tardiness penalty 
(RMB/hour)

1 30 60 25
2 50 70 20
3 70 80 15

TABLE II
PROCESSINGTIMESAND DEPRECIATION OF MACHINES 

Product 
Type

Work 
Station

Mean processing 
time

(hour)

Depreciation of 
machines

(1000 RMB)
1 1 2.25 20

2 2.00 20
3 2.50 10
4 1.75 10
5 5.00 30

2 1 1.25 7.5
2 1.25 7.5
3 2.00 15
4 1.50 10
5 4.50 35

3 1 1.75 10
2 1.25 7.5
3 2.25 10
4 1.25 10
5 7 40

According to the pilot runs, two groups of control 
parameters are used to both traditional SA and GBSA.
Therefore, there are 4 kinds of algorithm with d ifferent 
control parameter values or different neighborhood-
generation methods applied to the case study, which is 
denoted as A1, A2, A3, and A4. Their control parameter 
values are shown in Table III. The results are shown in 
Table IV. 

TABLE III
CONTROL PARAMETERS 

Type
Control Parameter Values
Ti Tf

A1 GBSA 1 0.1 0.9 10 20
A2 GBSA 1 0.3 0.7 5 10
A3 traditional SA 1 0.1 0.9 10 20
A4 traditional SA 1 0.3 0.7 5 10

TABLE IV
RESULTSOF THE COMPUTATIONAL EXPERIMENTS 

Objective Function Value
(1000 RMB)

Run Time 
(minute)

A1 4250 42.37
A2 4287 37.08
A3 4420 225.54
A4 4587 89.40

V. CONCLUSIONS 

In this paper, a modified SA, named GBSA, is used 
as an optimizat ion tool to optimize capacity allocation in 
an assembly job-shop. With less computing time, GBSA 
found better solutions compared to the traditional SA. 
These results show that the proposed method can often 
finds better solutions with a shorter computation time  
compared to the traditional method. These optimal 
solutions for capacity allocation can be very  useful to 
support decisions in performing tradeoffs between the 
tardiness penalty and the cost of capacity allocation. 
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Abstract - In this paper, wiring technology during 
aircraft harness manufacturing is regarded as the research 
object, shortcomings of the existing technology have been 
analyzed, such as confusing procedures and low efficiency. 
To improve the situation, an optimization scheme was 
proposed from process flow and human-machine interface 
based on ECRS Principle. Methods used consist of merging 
operations with similar contents, adjusting processing 
sequence and optimizing the human-machine interface, in 
order to simplify the operation procedures and reduce the 
working procedure time. Finally, the feasibility of the 
scheme was verified through developing simulation model in 
eM-Plant. The study offers effective thinking for the 
improvement of aircraft harness wiring technology.

Keywords - Aircraft harness, ECRS Principle, eM-Plant,
wiring technology 

I. INTRODUCTION 

aircraft, is a group of electric cables used in power 
transmission between aircraft electrical systems. With the 
rapid development of electronic technology, harness 
structures become more and more complex, while 
processing cycle still need to be reduced [1], which has set 
a higher demand on harness processing technology. 
However, aircraft development is in the mode of more 
variety and minor batch, most of the operations are 
performed manually  since the production line is in low 
level of mechanization and automation, leading the 
problems of low efficiency and resource waste. How to 
optimize the production process and improving efficiency 
have been paid much more attention by enterprises. 

Wiring procedure is the process to connect related 
terminals with wires according to design requirements. 
Generally, there are various types of wires to be dealt with, 
such as room temperature line, higher temperature line,
shielded wire , and power line and so on, which are of 
different number of cores and wire diameter. During the 
process, workers need to understand the operation 
instruction for each wire firstly, selecting, cutting and 
marking the corresponding wire after that. Then perform 
wiring following the designated path on a special 
worktable. Because of the involved mass information 
processing, the wiring has become a bottleneck restricting 
efficiency. 

This paper taking the wiring technology of aircraft 
harness as research object, in which redundant and 
repetitive operations have been analyzed based on ECRS 
Principle , and the processing sequence of related objects 
has been redesigned as well. Besides, in accordance with 

the problem that workers need to process much 
informat ion during wiring, existing information display 
mode was optimized to seek more harmonious human-
machine interface. Finally, with statistical data as time 
parameter, build wiring process models before and after 
optimization in the simulation p latform eM-Plant to verify 
the scheme. 

II. CHARACTERISTIC ANALYSIS OF THE 
TRADITIONAL WIRING TECHNOLOGY 

At present, the wiring is still main ly done by hand 
work. According to the topological structure of harness, 
wires of different types and diameter will be connected to 
the appointed terminal on worktable. Therefore, 
instruction for wiring technology include the information 
of wires, terminals and the topology, which  can be 
represented as a triple Oharness = {Wir, Con, Top} , where 
Wir is an informat ion set of wires  while Con is an 
informat ion set of components, and Top represents the 
topology. The first two kinds of in formation are d isplayed 
as process reports on computer screen. Partial contents are 
shown as Table I. And the topology is drawn on a form 
board by handcraft showing as Fig.1.

TABLE I 
AN EXAMPLE OF WIRING INSTRUCTION T ABLE 

Terminal
1 Pin1 Wire 

number Color Specification Terminal
2 Pin2

1FXA 1 C210A WH 20 10DXA 1
1FXA 2 C211A WH 20 10DXA 2
1FXA 3 C212A WH 22 10DXA 3
1FXA 4 C213A WH 22 10DXA 4
2FXA A C320A WH 18 10DXA 5
2FXA B C320B WH 18 10DXA 6

Fig.1. Form board for showing topology 
Wires for aircraft harness are hard to distinguish by 

shape or color. Each wire is uniquely identified by wire 
number given from designers, for example, multi-core 
wires need to be manually tagged with marker sleeves 
while single-core wires print the number on insulating 
layer besides wearing marker sleeves. In actual operation,
workers will select wire one by one and locate the 
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position of its conjunctive two  terminals on topological 
structure diagram following the wiring instruction. After 
determining the accurate length, cut and fix the wire on 
dowels by knotting. Then b inding and other procedures 
will be carried out followed. The concrete process is 
given in Fig.2. 

Laser printingLaser printing

CuttingCutting 

Reading processing 
information

Reading processing 
information

Locating  position of 
terminals

Locating  position of 
terminals

WiringWiring

BindingBinding

Wearing marker
sleeves

Wearing marker 
sleeves

Selecting certain wiregSelecting certain wire

Single-core wires 
with various 
specification: 

16, 18, 20, 22, etc.

Multi-core 
wires

Printing in the order of specification·

Wires with the 
same specification 

form a group

According to the information

Fig.2. Flowchart for wiring and related procedures
Traditional wiring technology is design for manual 

operations, wire length need to be determined on 
worktable manually. Therefore, wiring p rocedure attends 
to reducing wire type change, and sort wiring sequence by 
the name of terminal in order to operate easily. Actually, 
harness length is measured on prototype in design phrase, 
and with the measured results to draw the form board 
according to 1:1 scale. Usually, there is big error in 
harness length and the manufacturing process is random. 
Analyze the existing wiring technology and can find the 
following main problems: 

1) Repetitive operations: As the connection bridge,
harness transmits power as well as signals. Wires with 
different specification are contained between two 
terminals. Giving  priority to the specification when 
performing wiring must cause repetitive operations. 

2) Frequent operation switch: During wiring, 
process instruction reading, wire selecting, locating the 
two terminals on form board, wiring and determining the 
length, cutting, fixing, tagging and other operations will 
be performed item by item. Workers not only need to 
identify and deal with a variety of informat ion, but also 
need to operate various manufacturing objects. 

3) Lack of measure standard: Due to the 
informat ion processing and operation contents both 
decided by workers, work efficiency largely depends on 
the technical level and experience of workers, combining 
with the problem of inconsistent tensity, resulting in the 
lack of measure standard for quality and cost. 

Currently, development for equipment demonstrates 
diversified  and short cycle characteristics due to the quick 
update of new technology, and along with it, harness 

structure becomes more and more complex, which 
demands higher manufacturing efficiency objectively. In
addition, technology of three-dimensional digital 
prototyping has been applied widely, thus, information 
about topology and harness length can be obtained by the 
digital prototype [2], which lay a foundation for improving 
manufacturing technology. To change the situation 
mentioned above, proposed a scheme to improve the 
wiring technology. 

III. OPTIMIZATION FOR AIRCRAFT HARNESS 
WIRING TECHNOLOGY

For more reasonable operation method to improve 
production efficiency, ECRS Principle was used to seek 
the direction of process optimizat ion, that is eliminate, 
combine, rearrange and simplify [3]. After a 

flow and displaying ways of human-machine interface, 
put forward an optimizat ion scheme by adjusting related 
working stations and importing equipment, under the 
background of equipment upgrading. 

A. Optimization in working flow
On one hand, harness design involves large amount 

of data and the processing is complex. In general, a  
normal training plane usually contains more than 8000 
wires, kinds of wires up to 20 and number of terminals 
more than hundreds. There is a large space for efficiency 
promoting. And on the other hand, wires between any two 
terminals have essentially the same routing path and 
fixation method though they are of different numbers,
specifications and lengths, which provides a basis for 
operation combining and rearrangement [4]. 

1) Combine: Combine wiring operations in an action 
since the existent repetition. In other words, get the 
correct number and specification of single-core wires and 
multi-core wires between the certain two  terminals ready 
respectively in advance, which will be assembled to a 
group ahead. When processing, workers can only perform 
the wiring at a time after locating the terminals of the 
group single-core wires or multi-core wires on form board. 
It can not only reduce the operating times and conversion 
time, but also avoid the resulting visual and muscle 
fatigue of workers. 

2) Rearrange: To assemble the single-core wires 
into a group, there is a need that adjust current printing 
scheme. Firstly, add equipment for wire selection 
automatically, which will be connected with the MES 
system in p roduction line and read the process instruction. 
Then, the equipment will income wires according to the 
requirements about number and specification of wires 
between terminals, performing print ing mixed. Next, cut 
and wind these single-core wires on a special spool to 
form a group that will be sent to the next wiring working 
station. As for multi-core wires, we add a new working 
station specifically to group the proper mult i-core wires 
manually, and wind them in the same way. 
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Through the above method of Pre-grouping , basic 
time of wiring procedure is reduced. Meanwhile, printing 
order is adjusted and new working station is added to 
transfer part of the workload from wiring phase to other 
phases, aiming at operation balancing. 

B. Optimization in human-machine interface
In the harness production line, human-machine 

interface is an important medium for getting informat ion, 
on which instruction is displayed in an acceptable form 
for workers. During the production, both the computer 
screen and the form board can be seen as human-machine 
interface of informat ion output type. Friendly  interface 
helps users understand what it means more correctly and 
more quickly.

However, the existing human-machine interface is 
just a kind of static display, furnishing comprehensive 
informat ion but not intuitive. Workers need to select the 
certain wire and locate the corresponding terminals 
performing wiring according to the information 
distributed in the complicated tables. In addition, locating 
a specific terminal on the static form board is quite 
difficult when the harness is large and includes lots of 
terminals. Such human-machine interface is inconsistent 

different processing objects properly. Along with the 
- adjust the human-

machine interface as follow: 
1) Eliminate: Eliminate the step that search the 

terminals by workers. On one hand, for wires have being 
grouped together, print two-d imensional code or RFID 
electronic tag on their spool, to record related information 
about the group of wires  [5, 6]. On the other hand, rep lace 
the traditional form board with the type of electron 
induction. When wiring, related information will be firstly 
obtained by scanning the two-dimensional code, then the 
corresponding terminals , along with routing path, will be 
highlighted on form board under the control of PLC 
system. Thus, workers can master the wiring contents 
directly without checking the complicit tables on screen. 

2) Simplify: Currently connects of human-machine 
interface is just a copy of process instruction. With Pre-
grouping  and wireless sensing devices, there is no need 
to process the informat ion item by item. As  information 
interactive interface, it displays process information as 
well as incepts the feedback from users [7]. Having 
simplified the processing tables which show part of the 
instruction only for multi-core wires, the emphasis is 
placed on the monitoring and feedback of the production 
line. On the software interface, workers confirm the 
complete with a mouse after each working procedure, so 
that the production system can update the state of harness 
manufacturing real-timely. 

Thus, by redesigning the software and hardware,
production line will form an informat ion networking 
system, realizing instruction displaying by intelligent and 
dynamic human-machine interface. 

IV. SIMULATION VERIFICATION 

This paper based on analysis for wiring technology 
of an actual enterprise, proposed improved suggestions 
from process flow and assistant equipment. Whether the 
optimized processing technology is good enough to meet 
the production requirements and improve efficiency or not, 
remains to be further verified. Simulat ion technology can 
simulate state of production line and collect statistical 
data, previewing and evaluating for different schemes. In 
the study, we make use of simulat ion platfo rm eM-Plant 
for d iscrete manufacturing system, modeling  production 
line process to verify the feasibility and validity of the 
optimized scheme [8]. 

Before modeling, determine processing parameter of 
each working station with the second watch measuring 
time method [9]. The measure object is the basic and 
overhead time to process a single processing object, like a 
wire. The specific data are listed in Table II. 

TABLE II
WORKING TIME OF VARIOUS STATIONS IN WIRING 

PROCEDURE 
Working 
station Operation content Duration 

time (s)

SA1 Printing on single-core wires with laser 
printer. 4.4

SA2 Reading processing information about 
wiring on the screen. 12.4

SA3
Selecting a certain wire with 
corresponding wire number among lots of 
single-core or multi-core wires.

17.5

SA4 positions of the wire on formboard. 8.3

SA5 Wiring and cutting. 28.6
SA6 Binding with binding materials. 55.4
SA7 Wearing marker sleeve for each wire. 13.6
SA8 Pre-grouping for mult i-core wires 14.2

 According to the working flow and parameters 
(processing time, number of processing objects at a time, 
etc.), build the process route model before and after 
optimization, as shown in Fig.3 and Fig.4. W ith the 
modeling elements in eM -Pla

steps operated by workers and machines separately, one 
or more elements form the corresponding working station, 
and the series parallel of working stations express the 
wiring procedure.  
 Assume that the harness to be processed contains 100 
single-core wires, 100 mult i-core wires and 11 terminals,
run the simulation and open statistical function. After a 
time, simulation results of station utilization can be 
obtained in chart [10], as shown in Fig.5 and Fig.6. Due to 
the addition of new working station and the elimination of 
terminals locating manually, there are a few differences 
between the two figures on abscissa. By  comparison, we 
found that operation balancing rate was increased though 
part of the station utilizations has a slight decline. And 
according to the statistical results, the total t ime to 
complete the procedure with new scheme is 1h20min 
while time of the orig inal is 2h35min, which has reduced 
the working procedure time by 48%. And the larger the 
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harness size is, the more obvious the efficiency improvement.

Fig.3. Simulation model of wiring procedure before optimization

Fig.4. Simulation model of wiring procedure after optimization  

Fig.5. Simulation result of station utilization before optimization

Fig.6. Simulation result of station utilization after optimization

V. CONCLUSION 

This paper analyzed the wiring process of harness 
production with the method of ECRS Principle, p roposed 
an optimizat ion scheme and established simulat ion model 
in eM-Plant fo r verification. Statistical results have shown 
the validity of the proposed scheme. However, time 
parameters of each working station is calculated from 
measured value, which should be calculated in detail to
obtain more accurate results, considering the instability of 
manual operation and the uncertainty of new added 
equipment parameters . And for Pre-grouping  scheme, 
assembling mode for wires was simply discussed as 
winding on spool. If there are more economic and 
convenient methods need to be further designed. In
addition, the paper put forward improving scheme main ly 
for the wiring procedure, while the process should be 

optimized from g lobal analysis, which certain ly offer a 
direction for further research. 
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Abstract - To solve the difficulties resulted from uncertainty

differences in multi objective optimization of the heavy cargo
transport scheme; a multi objective stochastic optimization case
of key equipment multimodal transport scheme for a chemical 
construction project was given. A multi objective stochastic 
optimization model with decision network planning and multi
objective programming was established. A solution method, 
which is combined with utility function theory and upper bound 
minimal model, was put forward to solve the model. The result 
shows that the optimization model and the solution method can 
solve the multi objective optimization problem of heavy cargo
transport scheme effectively even when uncertainties are 
different. And the case study is of highly practical value. 

Keywords - Heavy cargo transport, multi objective,
optimization, stochastic

I. INTRODUCTION

Heavy cargo transport project is a part icular transport 
activity for goods whose appearance and weight go beyond 
the general standard. When the heavy cargo transport scheme
was designed, some processes can be developed several 
viable alternatives (such as different handing technologies or
transport routes etc) [1]. The scheme selection was often 
treated as a multi objective problem. Besides that, every 
alternative has its unique uncertainty [2]. So how to consider 
the uncertainty differences among those alternatives should 
be studied when the scheme was optimized. 

There were lots of fruits [3-6] in optimizat ion study for 
heavy cargo transport scheme. But the studies about multi 
objective stochastic optimization were not found. In this 
paper, a mult i objective stochastic optimizat ion [7] case of key 
equipment multimodal t ransport scheme for chemical 
construction project was given. By using decision network 
planning [8] and mult i object ive programming, a multi
objective stochastic model fo r the mult imodal transport 
scheme optimizat ion was presented. Multi attribute utility 
function [9] and upper bound minimal model [10] were applied 
to solve the model. The result shows that the model and the 
solution method, which were constructed for the case, can
properly solve the heavy cargo transport problem.

II. OPTIMIZATION MODEL FOR MULTIMODAL 
TRANSPORT SCHEME

A. Project context
A petrochemical p lant was constructed in city A. A large 

hydrogenation reactor for this plant was needed to transport 
from a manufactory in city B to the construction site. It was 
relatively difficult to design the transport scheme because the 
reactor is a heavy cargo instrument and the transport process 
is no standardized. So the petrochemical enterprise entrusted
a project logistics company to design a transport scheme.
After research, a mult imodal transport plan (see Fig.1) from 

city B to city A was designed.  

Fig.1. Multimodal transport Plan
The transport plan of the equipment was divided 

into 9 working processes (see Fig.2), which are as 
follows: Loading in manufactory in city B;
Transporting to the wharf in city B by highway;
Ship loading; Sh ipping by sea to the wharf in city
C; Ship unloading; Transporting by highway 
to the manufactory in  city C; Loading again  after 
the manufacturing accomplishment; Transporting 
by highway to the construction site in city A; 
Unloading in construction site.

Fig.2. Multimodal transport processes

B. decision network planning model
Analysis of each process in Fig.2 found that 

process , , and can  be developed viable 
alternatives. And the time, cost and security level of 
alternatives in each process were different. Besides 
that, every alternative has its own unique uncertainty
in process , and . Those uncertainties should 
be expressed in the model. So a decision network 
planning model, which can express different sample 
spaces, was used to build the model of mult imodal 
transport scheme (see Fig.3).

In Fig

time (unit: hour), costs (unit: thousand RMB) and 
safety (the safety measure can be set the dimensionless 

int, 
in which one of the viable alternatives should be 
chosen. E

after
of the viab le alternative. All the a
composed the random sample space of the viable 
alternative. The number on the arrow, which links

were shown in TABLE I.
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Fig.3. Decision network planning model of multimodal transport scheme

TABLE I
FEASIBLE ALTERNATIVE FOR TRANSPORT PROCESS

Decision
points Viable alternatives Actual meaning

S2( ) S2,1 Highway transportation line 1
S2,2 Highway transportation line 2

S3( ) S3,1 Ro-ro scheme for loading [11]

S3,2` Hoisting scheme for loading[12]

S7( ) S7,1 Ro-ro scheme for unloading
S7,2 hoisting scheme for unloading

S12( )
S12,1 Highway transportation line 1
S12,2 Highway transportation line 2
S12,3 Inland water transport line 3

C. Optimization objective function of the model
(1) Time optimization goal. Because of the time 

restriction of petrochemical plant construction scheme, 
postponement was strictly prohib ited. And the owner of the 
petrochemical plant wished that the transport project should 
be fin ished ahead of time as possible. So  the time 
optimization goal of the decision network planning was 
formulated in the following mathematical model: 

Min PT =

L

LEE

E

TT
TTTTT

TT0
   (1)

where PT is time optimization goal; T is the fin ish time of the
scheme; TE is the earliest finish time that the owner wished;
TL is the latest finish time limit.

(2) Cost optimization goal function. The lowest cost is 
another major goal of the project. According to the decision 
network planning model [13], the cost optimization goal was 
formulated in the following mathematical model: 

Min PC =
)(

1
,,

1

ik

j
jiji

m

i

dC           (2)

where PC is time optimizat ion goal; Ci,j is the cost of the Si,j;
di,j is the decision variable of Si,j; If Si,j was chosen then di,j=1,

otherwise di,j=0; m is the number of decision points ; k(i)
is the viable alternative number in Si.

(3) Safety optimization goal function. A safety 
measure i,j ( i,j (0, 1)) was set to estimate the safety 
level of a transport process . If i,j is closer to 1 then 
safety level of a transport process is higher. So the 
safety optimization goal of the decision network 
planning was formulated in the following 
mathematical model: 

Max P  =
)(

1
,,

1
)(

ik

j
jiji

m

i
i d , 1

1

m

i
i (3)

where P is safety optimizat ion goal; i is the weight 
of Si to embody the importance of safety level in the 
transport scheme. 

According to function (1), (2) and  (3), the 
optimization goal of the decision network plan was 
formulated in the following mathematical model:

P = Sup(PT, PC, P )      (4)

III. THE SOLUTION METHOD

A. The multi attribute utility function for function (4)
According to function (4), the optimizat ion of 

transport scheme could be treated as a mult i object ive 
problem. In this paper, multi attribute utility function
theory was used to transform the function (4) into a 
single objective problem. PT, PC and P were defined as 
the variables of mult iple attribute function. The 
function u = u(PT, PC, P ) were defined as multi
attribute utility function of mult imodal transport
scheme. The bigger the value of u is, the h igher the 
degree of optimizat ion is. According to decomposition 
theorem of mult i attribute utility function theory, u was 
formulated in the following mathematical model:

u(PT, PC, P )=kT·u(PT)+kC·u(PC)+k ·u(P )  (5)
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kT+kC+k =1                  (9)
kT, kC, k         (10)

where u(PT), u(PC) and u(P ) respectively stands for the 
single variab le utility function of time, cost and safety; kT, kC,
k  is the corresponding weight coefficient of u(PT), u(PC) and 
u(P ); PCmax and PCmin is the maximum and min imum value 
of function (2); P max and P min is the maximum and 
minimum value of function (3).

Hamming Distance was used to measure optimization
degree of the transport scheme. The ideal solution and the 
negative ideal solution were set to be u(TE, PCmin, P max) and 
u(TL, PCmax, P min). Then the d istance from u(T, PC , P ) to 
u(TE, PCmin, P max) is

Dj
+= uj (T, PC, P )- u(TE, PCmin, P max) (11)

The distance from u(T, PC, P ) to u(TL, PCmax, P min) is
Dj

—= uj (T, PC, P )- u(TL, PCmax, P min) (12)
So the function (4) was converted into

Max Rj= Dj
— / Dj

++Dj
— ,             (13)

0 Rj 1, j =1, 2, , n      
where Rj stands for the relative adjacent degree between u(T,
PC, P ) and u(TE, PCmin, P max).

B. The stochastic optimization function for uncertainty
In Fig.3, there are 24 viable alternatives for the 

transport scheme. And each alternative has 8 possible 
situations. So the optimization of the transport was still a  
stochastic programming problem [14]. To solve the problem, 
an upper bound min imal model, which is based on the 
stochastic programming theory, were put forward. The upper
bound min imal model is a stochastic optimization  model to 
solve the minimum (or maximum) value of the objective 
function when the probability of the owner s satisfaction
has been given [15].

In this transport project, the decision goal of the upper 
bound minimal model is: owner of the petrochemical p lant
required that Rj was get the maximum value when the jo int 
probability distribution of t ime and cost j . According to
the requirement of the owner, the value of = 0.9. Then the 
optimization goal o f the decision network p lan was turned
into the following mathematical model:

Max Rj = Dj
—/ (Dj

++Dj
—)    (14)
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where r is the possible situation number of alternative; j is 
the number of alternative.

C. The calculation results
According to the construction time requirements of the 

petrochemical p lant, the value o f TE and TL is 600 
hours and 800 hours. When = 0.9, calculation results 
of 24 v iable alternatives were shown in TABLE II 
(because of the length strict, some alternatives were 
not shown in TABLE II). It can be seen in TABLE II
that PCmin = 1998, PCmax=2408, P min = 0.8292 and 
P max = 0.9125. By the above data, function (5) were
turned into

u(T, PC, P )=kT•
600800

800 T +kC•
19982408

2408 CP

+k •
8292.09125.0

8292.0P          (16)

where kT = 0.3, kC = 0.3 and k = 0.4 was gained by 
consulting the experts.

TABLE II
THE CALCULATION RESULT OF 24 VIABLE ALTERNATIVES

j viable alternatives T PC P
1 S2,1, S3,1, S7,1, S12,1 649 2358 0.8625

10 S2,1, S3,2, S7,2, S12,1 580 2408 0.9125

14 S2,2, S3,1, S7,1, S12,2 689 2138 0.8292

18 S2,2, S3,1, S7,2, S12,3 775 1998 0.8625

22 S2,2, S3,2, S7,2, S12,1 590 2378 0.9125
23 S2,2, S3,2, S7,2, S12,2 622 2138 0.8792
24 S2,2, S3,2, S7,2, S12,3 734 2018 0.8958

All the alternatives in  TABLE II were calculated
by using function (14) and (16). And the result shows 
that Scheme 22(S2,2, S3,2, S7,2, S12,1) is the best solution. 
And the corresponding parameter calculation results 
are: T = 590, PC = 2378, P = 0.9125 and Rj = 0.72.

IV. CONCLUSION

To solve the stochastic problem in  mult i objective 
optimization of heavy cargo transport scheme, a multi
objective stochastic optimization case was given. The 
empirical results show that the idea of modeling and 
solving, which  were put forward in this paper, can 
optimize the heavy cargo transport scheme in  
consideration of the uncertainty differences among the 
viable alternatives. In practice, uncertainty differences 
among the viab le alternatives are common problems in
decision making of heavy cargo transport scheme. So  
the model and solution in this paper has great 
application value.
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Abstract - Digital factory technology is a supporting 
technology of discrete manufacturing system modeling and 
simulation. However, it only analyzes the manufacturability 
and efficiency of discrete manufacturing processes, lacking 
of the evaluation of green performance of manufacturing 
system. By studying the resource consumption and 
environment emission characteristics in the process of 
discrete manufacturing enterprise workshop, the concept of 
simulation evaluation on green performance in the 
production process of workshop has been put forward based 
on the concept of digital factory. In the meantime, the 
framework and related information models of simulation-
based green performance evaluation system have been 
established based on multi agent technology. The proposed 
system is aiming at the effective evaluation of the relevant 
green indicators in manufacturing system, thus realizing the 
integral optimization of the technical, economical and green 
performance of discrete manufacturing system.

Keywords - Agent based modeling, digital factory,
discrete manufacturing system, evaluation of green 
performance 

I. INTRODUCTION 

For a long time, discrete manufacturing enterprises 
promoted the process of rapid economic development by 
manufacturing various products. However, their 
inefficient mode of production have caused a huge 
amount of energy and material resources waste and 
produced CO2 emissions and other hazardous emissions, 
e.g. SO2 [1]. It is well acknowledged that these processes 
could bring tremendous damages to natural environment 
and public health. With sustainable growth of energy and 
raw material prices in the past few years other than 
gradually increased environmental awareness, highly 
attention is paid to the establishment of sustainable 
manufacturing systems [2]. As the key part of enterprise 
resources consumption and environmental impact, the 
decrease of manufacturing system environmental impact 
has become a hotspot in the field of green manufacturing.  

Sustainable discrete manufacturing system design 
needs to meet the optimal objectives of high efficiency, 
low cost, high quality, the h igh utilization  rate of 
resources and the minimum environmental impact [3]. The 
multip le optimization goals will naturally increase the 
complexity of manufacturing system design. Before the 
actual construction of manufacturing system, it  is 
necessary to apply digital factory technology to analyze 
and optimize the performance of discrete manufacturing 
system. Trad itional d igital technology only treat some 
indicators related to the manufacturing system production 

efficiency and product manufacturability as optimization 
targets, certain green indicators such as energy 
consumption, environmental emissions, material 
consumption are ignored. 

The paper is organized as follows: firstly, input and 
output model of discrete manufacturing system is set up 
through the analysis of resources consumption and 
environment emissions characteristics in discrete 
manufacturing system based process flow; secondly, the 
concept of green simulation evaluation of discrete 
manufacturing process is put forward based on the 
concept of digital factory; at last, a green production 
simulation evaluation system model is built based on 
multi agent technology.  

II. THE GREEN PERFORMANCE ANALYSIS OF
DISCRETE MANUFACTURING SYSTEM 

The production of mechanical products and parts 
highly depends on discrete manufacturing system. Basic 
components of typical discrete manufacturing system can 
be divided into production environment, production 
equipment, production materials and production operators 
[4]. Discrete manufacturing system is an input-output 
system [5], its input resources related to green performance 
consist of material, energy, etc; and its internal contains 
the process activities, production equipment and 
production process control, output resources are made up 
of products, waste and pollution and so forth as it shows 
in Fig.1.

Discrete manufacturing system main ly has the 
following three kinds of green characteristics: 

i. High energy consumption and low utilizat ion rate 
of equipment. Research shows that the energy 
consumption for actual processing accounts for only 
14.8% of the total energy consumption in a large 
mechanical processing production line [6]. 

ii. Fast material flow with a serious material waste. 
Manufacturing systems consists of both productive 
materials and non-productive materials. Productive 
materials contain the direct components of products such 
as work blanks, parts and semi-finished products, while 
non-productive materials consist of cutting fluid, cutters 
and lubricants [7]. 

iii. High environmental emissions. The 
environmental emissions of production process include 
CO2, hazardous gases, liquid pollution, solid waste 
emissions and physical emissions  [8].
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Fig.1. Input-output model of manufacturing system 

III. GREEN EVALUATION BASED ON DIGITAL 
FACTORY TECHNOLOGY 

A. Digital Factory 

Digital factory [9] is referred to as the use of 
informat ion technology and computer simulat ion to model 
real-world manufacturing possesses for the purpose of 
analyzing and understanding them. Dig ital factory does 
not result in material or products, but rather in 
informat ion on products and technical parameters of the 
manufacture. Digital factory enables analysis of the 
manufacturing  process and control system behavior 
within a virtual manufacturing system prior to the 
implementation of the manufacturing process and suitable 
control approach into a real-life manufacturing system. 
This helps to avoid direct implementation of the control 
system into the manufacturing system, which may cause 
failures in the manufacturing system due to potential 
disadvantages of the manufacturing system structure or 
lack of coordination between control parameters. 

Dig ital factory enables feasibility evaluation  of the 
production process plan in the manufacturing system, 
evaluation of manufacturing system design as well as 
optimization of the manufacturing process. 

The application of digital factory technology such as 
virtual manufacturing, v irtual assembly greatly  facilitates 
the optimization of discrete manufacturing system and 
production process. Using digital factory technology can 
assist engineers in optimizing the defects of 
manufacturing system before the construction of system 
in t ime so as to attain a more reasonable production line 
layout and production process. It is very beneficial to 
reduce production cost and improve product 
manufacturability. 

B. The concept of green evaluation through production 
process simulation 

In view of the optimal goals  of efficient and 
environmental manufacturing system, the green data and 
indicators can be integrated into the manufacturing system 
simulation. The concept of green  evaluation through 
Digital Factory is shown in Fig. 2.

Fig.2. Concept of green production simulation 
Based on the concept of digital factory, materials 

consumption, energy consumption and environmental 
emissions parameters related to environmental indexes are 
integrated into the production process simulation, then the 
environmental impact  of the system operation process can 
be evaluated quantificationally by the method of relevant 
environmental impact assessment such as LCA [10]. At last, 
a manufacturing system is designed with the thought of 
high efficiency and environment protection. 

C. Required functions of green production simulation 

Green production simulat ion evaluation mainly 
aimed at  the workshop production process, its main 
required functions include: 
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1) Precise 3D simulation of production scenario and each 
process; 
2) Material resources consumption of production 
processes, e.g. raw materials consumption, auxiliary 
materials consumption; 
3) Energy consumption of production processes, e.g. 
electricity, heat energy, fossil fuels; 
4) Po llutants emissions of production processes, e.g. 
scraps emissions, liquid emissions and gas emissions. 

IV. THE ARCHITECTURE OF GREEN PRODUCTION 
PROCESS SIMULATION EVALUATION SYSTEM 

A. Multi agent Technology 

Multi agent system is widely applied in the fields of 
computer science, network communicat ions, artificial 
intelligence, engineering design and scientific computing 
nowadays [11]. There is no universal definit ion of an agent. 
However, an agent can be defined as follows: An 
autonomous component that represents physical or logical 
object in the system, capable to act in order to achieve its 
goal, and being able to interact with other agents, when it 
does not possess knowledge and skills to reach its 

objective alone.  Because of its autonomy, interactive, 
collaborative and initiative characteristics, it is introduced 
into the collaborative product design and simulation 
research as a kind of new system simulation tools and the 
basis of a new informat ion system framework [12]. Multi 
agent technology main ly studies a set of autonomous 
agents to solve the problems of complex control in the 
distributed dynamic environment through interaction, 
cooperation, competition and negotiation behaviors  [13].

Manufacturing system is a kind of complex dynamic 
system. Its internal contains a large number of frequent 
interactive processes, which is difficult to adopt analytic 
methods and numerical analysis methods to cope with. 
The system simulation method is the most effective way 
by far. Agent based modeling can describe the complexity 
of the production simulation evaluation system with green 
attributes. 

B. The Architecture of Agent-based green evaluation 
system 

The Architecture of Agent-based green evaluation 
system (AGES) is shown in Fig.3. The architecture of the 
system consists of three layers: agent control layer, virtual 
simulation layer, data support layer. 

Fig.3. The structure of AGES

The functions of agent control layer mainly control 
the system simulat ion process design and operation, 
including manufacturing processes planning, operational 
motion defin itions of machines, creation of components 
of product and machines, the feedback of manufacturing 

informat ion related to simulat ion targets. The virtual 
simulation layer is used to model manufacturing system 
including manufacturing system layout, different levels 
3D production scenario operation. Data support layer is 
made up of different kinds of databases and knowledge 
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bases e.g. machine 3D model base, LCA database, energy 
calculation knowledge base. 

C. Agent modeling of Green production simulation 
evaluation system 

The key problem of multi agent system is to 
determine the granularity of Agents  [14]. Its basic principle 
is to make the system simple, easy to control. According 
to manufacturing processes, the system includes five 
types of agents: Process Planning Agent, Job Agent, 
Machine Agent, Facility Agent and Product Agent. 

1. Process Planning agent 
Process Planning Agent (PPA) is the main control 

agent in the manufacturing system, which develops the 
sequence of manufacturing processes depending on the 
product characteristics including technical and 
technological characteristics of a product as well as the 
material of components forming a product, their input 
dimensions and mutual position.  

2. Job Agent 
Job Agent (JA) is also a kind of control agent which 

in cooperation with PPA and MA defines the sequence of 
operation phases (set-up, processing, idle, standby) of 
machine. In the process of defining the sequence of 
operation phases, JA performs the following tasks: 
determination of the sequence of operation phases, 
assignation of operation phases to the machines, 
description of operation phases and time value 
determination of operation phases. 

Fig. 4. Structure of Machine Agent  

3. Machine Agent  
Machine Agent (MA) is a representative of the 

manufacturing entity in a manufacturing system. Its 
structure is shown in Fig.4. The machines in 
manufacturing  system main ly include processing machine 
tools, conveyors, industrial robots, weld  guns, AGVs, 
inspection equipment. Each Agent stands for a machine. 
MA communicates with JA through its communication 
unit to decide how the machine accomplishes the 
operations. The MA mainly is composed by three parts: 
communicat ion unit, control un it, virtual model. The 

virtual model mainly contains two kinds of informat ion, 
which is the geometrical information of a machine e.g. 
size, position and machine basis informat ion e.g. ID,
name. 

4. Facility Agent 
Facility Agent (FA) defines the technical facility 

which ensures the production environment e.g. HVAC 
facilit ies, lighting. Its structure is similar with MA and it 
also has its operation phases. The difference between FA 
with MA is that FA does not have specific 3D operational 
motions in the production scenario. 

5. Product Agent 
Product Agent (PA) is the representative of 

workp iece or part which composes product. In actual 
production process, product is formed through the 
workp iece processing and parts assembly. PA main ly 
contains information about its basic feature and structural 
feature. Basic feature includes ID, name, weight, cost, 
material; and structural feature contains geometrical shape, 
position and orientation of virtual CAD model in the 
global coordination. 

D. Cooperation mechanism of agents 

The model of agent cooperation within the 
coordination mechanis m of control in manufacturing 
system operation is shown in  Fig.5. Messages 
communicated among agents with coordination 
mechanis ms of control are basic messages of JADE ACL 
(Agent Communication Language), which is in 
accordance with the FIFA standards  [15]. 

Fig.5. Coordination mechanism of control in manufacturing system 
operation 

The operational procedure of green  evaluation is 
described as follows: 

(1) PPA obtains information on technical and 
technological characteristics of the manufactured product 
and then defines the sequence of process flows of 
manufacturing system and monitors the operation stages 
realizations. 

(2) Each process will contain several job sequences 
which will be executed in different machines. Based on 
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the sequence of process flows, PPA will inform JAs and 
assign the execution of p rocess contents to different JAs. 
JA defines its operation sequence and finds appropriate 
MA to perform the operation sequences. 

(3) When MA receives the messages of operation 
sequences, it will define its parameters to execute every 
operational motion. Meanwhile, FA receives the messages 
of supply operation informat ion. It will stimulate its 
operational procedure. 

(4) When different levels operational motions are set, 
than execute the layout of MAs, PAs and FAs in the 
virtual simulation interface. 

(5) When the virtual layout of manufacturing system 
is accomplished, PPA stimulates the manufacturing 
dynamic simulation. The green informat ion is collected 
from different entity agents.  

(6) Finally, according to the collection information, 
the green performance o f manufacturing system is 
analyzed based on specific algorithms. 

V. CONCLUSION 

This paper puts forward the concept of green 
manufacturing simulat ion evaluation, and then a green 
production simulation evaluation system structure was 
designed based on multi agent technology. The system 
integrated green data about the components of 
manufacturing process into their models, then not only 
can plant layout the validation of product 
manufacturability and production efficiency be reacted 
but also green production status of the operation levels of 
manufacturing system can be evaluated and optimized. 

This article only put forward the idea of green 
evaluation system based on Agent technology, the system 
development is not processed so far. The establishment of 
the database about green performance and manufacturing 
process, the establishment of a green evaluation 
knowledge base need further research. 
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1Abstract - It is difficult for operators in main control 
room (MCR) of nuclear power plant (NPP) to determine the 
next possible monitoring object when they are monitoring 
digital human-machine interface (DHMI) parameter 
information process, so monitoring delay or transfer error 
would occurs. According to this situation, a forecasting path 
programming method (FPPM) in monitoring process was 
proposed based on human factor reliability. Firstly, 
forecasting path model in monitoring process is proposed; 
then a FPPM which covers path tree algorithm building 
based on information filtration and searching path 
algorithm is presented; finally, the calculation method of 
transferring path successful probability was raised. For 
future verification for the proposed method, taking 
3K00118YMA DHMI in SGTR (Stream Generator Tube 
Rupture) event process of NPP as monitoring task source of 
t time, the transferring path of next monitoring object was 
obtained successfully to minimize the risk of monitoring 
error and improve the efficiency of monitoring. 

Keywords – Digital control room, forecasting path 
programming method, monitoring, nuclear power plant, 
SGTR

I. FOREWORD 

Today, many NPPs are using or p lan to use digital 
control system (DCS) [1] in MCR, which is characterized 
by digital informat ion display, highly integrated human-
machine elements, mult ilevel data processing and 
automation operation fro m the view of human-machine 
interface. The operators sometimes cannot judge next 
possible monitoring object which would lead to 
monitoring delay o r transfer error in the monitoring 
digital human-machine interface (DHMI) parameter 
information process in nuclear power plant (NPP) [2-3].

 in MCR,
this paper proposes a FPPM method to predict the next 
monitoring object accord ing to the current system state so 
that operators are able to select and reach the next valid  
monitoring object more rapid ly and exactly, it  will 
provide much helping with reducing human errors, 
improving monitoring efficiency, and also contributing to 

activities and to optimize the DHMI.  

                                                                
1 National nature Science Foundation (Nos. 70873040, 71071051, 
research projects of Ling Dong Nuclear Power Company Ltd. 
(KR70543), Innovation Ability Construction Projects based on the new 
Industry- Academy- Research Cooperation of Hunan Province 
(2012GK4101)

II. FPPM MODEL IN MONITORING PROCESS 

FPPM in monitoring process refers to how to rapidly 
and exactly obtain the next monitoring object each time 
after monitoring current state or parameter information for 
NPP system. Investigation and interviews with operators 
show that there is logical correlations existed between 
current monitoring object and the next one, namely, the 
selection of the next monitoring objects depends on the 
current system state or parameter information. That is, 

monitoring transfer only relates to the current 
state or parameter informat ion, so Markov process is 
available to simulate. As the whole monitoring task 
process is changeable, namely, the monitoring path vary 

 proposes 
path selection algorithm and the calcu lation method of 
Markov transfer path success probability. Forecasting 
path with high relevance will be selected out of all 
possible paths as the next monitoring object, a dynamic 
programming model (Fig.1) is applied to describe the 
process. 

Objectt1

Extract the possible monitoring path at time t+1 
based on the monitoring state information at time t 

Objectt+1,1

Path 1

Objectt+1,2

Path 2

Objectt+1,n

Path Path n

Calculate the success probabilities of all paths from 
time t to time t+1 based on Marko method  

Choose the path with maximum success probability as 
the next monitoring target path

Whether the task process is complete

The monitoring task 
finished

Yes

Prepare the next

No

Notations: 
Object t: the state information of the monitoring object at time t  
Object t+1,n: the state information of the would-be monitoring object n at 
t ime t+1 

Fig.1. Flowchart of FPPM model in monitoring DHMI of NPP 
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III. FPPM ALGORITHM IN THE MONITORING 
PROCESS ABOUT DHMI OF NPP 

Fig.1 shows that FPPM algorithm searches effective 
programming through multi paths, obtains next possible 
monitoring object with maximum success probability and 
optimal way  by dynamic programming method based on 
current monitoring object. The FPPM algorithm is 
specified as follows: 
At t time, start from the initial object Objectt: 
Ini_Filter(t,t+1,task_info): screen out information being 
irrelevant to the task information of current time t and 
next time t+1, namely, the preliminary selection; 

IV. KEY ALGORITHM OF FPPM IN THE 
MONITORING PROCESS ABOUT DHMI OF NPP 

Algorithm proposed in Chapter 3 shows that there are 
two key steps in the algorithm: Ini_Filter(t,t+1,task_info) 
and Next_Obj_Pro(t,t+1,n). We will interpret them in this 
part. 

A. Ini_Filter(t,t+1,task_info) Algorithm 
As operators have to face tremendous information in 

the monitoring process, it is essential to sieve out the 
irrelevant part to simplify search path and to reduce the 
exaggerated calculation time. 

How to sieve out irrelevant part? As we know, tasks 
(information) with h igh similarity  are relevant, while the 
others with low similarity  are irrelevant. So  the key  step 

similarity. Generally, operators judge the degree of 
similarity according to the index pertinence or the 
semantic similarity or the attribute resemblance of tasks. 
For example, Gao Ting discussed the grey correlation 

based on index system [4]; Zheng Yuhua adopted risk 
index to research the relevance of petroleum engineering 
projects [5]; Cui Qiwen  studied similarity based on 
semanteme [6]. Inaccuracy would appear when we 

similarity; it would become 
impossible to ext ract similarity factors, so the calculation 
of similarity or association is not dealt in this study to 
keep the theme. This paper applies mult i-branched model 
to screen. 

(1) Build_tree(n): Set  up a t ree structure with n  nodes 
in database. It is a process that should be analyzed by 
experts with repeated training and studying. The steps of 
building tree are: First, mark every tree to differ tasks, 
cause each tree has its own tree structure. Every node 
should be marked with its number and task feature, the 
root node denotes the task source. 

Second, start from the root node, if found that the 
current node information and some next task information 
is correlated, we choose the next correlated task node as 
the child node of current node. Third, take the child node 
founded in step forward as parent node and then try to 
find its child node, the search process would be circled in 
the same way  introduced above until there is no relevant 

child node anymore. Thus a tree structure is fo rmed, but it 
still need be repeated trained, studied and revised to form 
an expert system. 

(2) Search(tree,relative_edge): Find out all of child 
nodes to the current task and mark them in terms  of task
type and features. About the method of marking, two 
arrays are applied  to respectively restore the information 
of current node and its child node sequences. The 
computer pseudo-code expressions of this process are 
specified as follows: 

(3) build_calculat ion_path(parent_node,child_node): 
Get the in formation of the parent node and child nodes 
orderly from Crrent_array and Child_array to form the 
calculation path based the algorithm listed above, then we 
can achieve the success probability of every path.  

B. Next_Obj_Pro(t,t+1,n) Algroithm 
This part aims to calculate transfer path success 

probability from current node (parent node) to next 
possible object (child node). In monitoring DHMI,

informat ion of DHMI and monitoring manipulat ion, so it 
-

driven. If licensed operators have had enough knowledge 
to monitor, it can be concluded that the next monitoring 
state generally only relates to the current monitoring state, 
and that the monitoring t ransfers merely  base on the 

has strong Markov property.  
It is generally acknowledged that Markov consists of 

quadruples (X, A, P, R) , where X stands for states set, A 
for paths set, P fo r transfer probability between two states, 
R fo r expectation value [7]. The mathemat ical formulation 
of Markov is [8,9]: as to any integer n and any extraneous 
variable xi, if: 
P (X1 = xi1 , X2 = xi2 , , Xn = xim ) > 0                          (1) 

then, 
P (Xn+1 = xin+1 | X1 = xi1 , X2 = xi2 , , Xn = xin )
= P (Xn+1 = xin+1 | Xn = xin )                                        (2) 

As to the transfer way from current state to the next, 
there are only two factors considered in this paper: one is 
the task informat ion state, while the other is the decision 
process of operators. Transfer successful or not is decided 
by these two factors. So it is consistent with 
Multiplication Princip le of probability theory, the transfer 
path error probability can be defined as:  

failure_Tranfer_path_probility(t,t+1)= 
P(raskt+1|raskt,raskt-1, ,rask1)*p(taskt+1|decisiont, 

decisiont-1, ,decision1)                         (3) 
Where raskt is the current  task informat ion state at 

time t, raskt+1 is the informat ion of possible task at time 

selecting the path in monitoring. Eq. (3) indicates that the 
transfer process is mainly  affected by current task state 

monitoring. The current task state reveals the physical 
properties of the system at  that moment, while decision of 

According to Eq. (2), we find that the transfer-influenced 
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factors at time t+1 are only  concerned with factors at time 
t, so Eq. (3) can be simplified as:  

failure_Tranfer_path_probility(t,t+1) 
=P(ras kt+1|raskt )*p(tas kt+1|decis iont)       (4) 

thus the transfer path success probability is: 
Succ_Tranfer_path_probility(t,t+1) 

=1- P(raskt+1|raskt)*p(taskt+1|decisiont)        (5) 
How to calculate the success probability according to 

Eq.(5)? We can see from Eq.(5) that if we know the 
methods to calculate P(raskt+1|raskt) and 
p(taskt+1|decisiont), we can easily get the value. So we will 
discuss their calculations followed. 
(1) P(raskt+1|raskt) Algroithm 

As mentioned in the previous analysis, 
p(taskt+1|decisiont) refers to the error probability caused 
by the transfer process of task information state from time 

states, in terms of relevant study [2], the error probability 
ained (Table I):

TABLE I 
CALCULATION FORMULAE OF TRANSFERRING FAILURE 

RATIO BETWEEN TWO CONSECUTIVE STATES 
P{ taskj(t)| taskj(t-1) } taskj(t-1)

taskj(t)

0
0 1

tt
e

PF )( 0

1
1)( ttFPe 1

Note: Where taski(t)=0 denotes the current normal state, taski(t)=1 the 
current abnormal state, while Fp(t) the monitoring error probability of 
taski(t). 
(2) p(taskt+1|decisiont) Alogroithm 

The term p(taskt+1|decisiont
monitoring transfer to next object dep
current decision error, namely, the value is the error 
probability at t ime t, so, p(taskt+1|decisiont) and 
p(decisiont) are mathematically equivalent, that is: 

)()|( 1 ttt decisionpdecisiontaskp              (6) 
The decision process is decisive to transfer in that 

decision error will consequently lead to transfer error and 
this process is mainly influenced by the physical 

factors. This decision process influenced by mult i-factors 
can be simplified as [7]: 
P(decisiont)=P(decisiont|task character, human_factors)(7) 

Actually, Eq. (7) is a calculation under multi-
conditions. According to relevant studies  [7], the 
conditional probability with many parent nodes can be 
solved by conditional probability with single parent node, 
and the expressions are listed below: 
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How to judge whether a factor could be the decision 

experience in NPPs, analysis of the interviews with the 

this research itself [10-13], we conclude 6 factors being 
taken into consideration (Table II).

Toward to the factors in Table II, combine Eqs. (7)
and (8), then the further derivation expression of 
P(decisiont) is as following: 

)])|(([)( 6

1 1

i

i

k

j jtt ddecisionpdecisionp (9) 

Where i refers to the factor count, j refers to the state 
of factors. 

TABLE II

DECISION 
affecting factors Variables affecting factors Variables

and experience d1 training level d2

Task complexity d3 Decision 
support system d4

Stress level d5 Time stress d6

V. CASE STUDY 

This paper take SGTR accident of NNP as an 
example and its 3K00118YMA DHMI as the information 
source node at time t in the monitoring process. The 
laboratory equipments used in the experiment are eye 
tracking system (Tobii), virtual workstation, and accident 
simulation screen (developed by soft Visual studio.net). In 
terms of the FPPM method constructed above, the specific 
process in this case are: 

(1) Build_tree(n): set up tree structure of the 
monitoring path based on FPPM method; 

(2) Take the DHMI of 3K00118YMA as the in itial 
monitoring object at time t; 

(3) According to  Search(t ree,relative_edge) algorithm, 
find out all of child nodes screen to the parent node 
screen(3K00118YMA) from the monitoring path tree of 
SGTR, then the parent node screen and the next possible 
child node screens, that are child node screen b
(3K00121YMA) , ch ild  node screen c (3K00119YMA), 
child node screen d (3K00120YMA), ch ild node screen e
(3K00123YMA), and child node screen f
(3K00122YMA). 

(4) Get the tree structure of the parent node and the 
child node according to build calculation_path 
(parent_node, child_node) (Fig.2).  

(5) Next_Obj_Pro(t,t+1,n) algorithm For ease of 
description, the transfer path success probability is 
separated into 2 parts: P(raskt+1|raskt) and P(decisiont). 
The follows are the respective calculations of them: 
P(raskt+1|raskt) algroithm 

Fig.2. The father node and its child nodes selected in SGTR accident  
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When accident happens, the current task state and the
next task state are abnormal, Eq. (10) can be obtained 
according to Table I: 

1)1(|)(( )( ttF
jj

pettaskttaskp                   (10) 
Parameters of parent node and each child node are 

obtained by experimental analysis and listed in Table III:
We can obtain the P(raskt+1|raskt) value of node pair 

(the parent node with a child node) according to Eq. (10)
and Table III (See Table IV).

TABLE III
PARAMETER VALUES OF PARENT NODE AND SOME CHILD 

NODES OBTAINED FROM EXPERIMENT  
a b a c a d a e a f

Fp(t) Fp(t) Fp(t) Fp(t) Fp(t)
0.0008 29 0.0001 20 0.005 47 0.003 39 0.001 35

TABLE IV
THE RESULTS OF THE P(raskt+1|raskt) VALUE OF NODE PAIR 

(THE PARENT NODE WITH A CHILD NODE) 
Transferring path a b a c a d a e a f
P(raskt+1|raskt) 0.023 0.002 0.265 0.124 0.035

1) P(decisiont) algroithm 
Among the 6 decision affecting factors in Table II,

d1,d2,d5 and d6 are unrelated to the execution of the task 

irrelevant to the path, there would be different states for 
them in monitoring. In terms  of [9] and [14], we can 
achieve the values of d1, d2, d5 and d6 of different states, 
Table V can be obtained based on Eq. (7).

TABLE V
THE ERROR PROBABILITY OF FACTOR d1, d2, d5 AND d6, AND THEIR SUM OF PRODUCTS OF DIFFERENT STATE

d1
j=1 j=2 j=3

d2

j=1 j=2 j=3
0.25 0.002 0.001 0.01 0.02 0.001

Decision
j=1 0.1 0.025 0.00004 0.00001 0.003 0.0004 0.00003
j=2 0.02 P(decision/d1)= 0.02505 P(decision//d2)= 0.00343j=3 0.01

d5
j=1 j=2 j=3

d6

j=1 j=2 j=3
0.03 0.01 0.003 1.0 0.1 0.01

Decision j=1 0.1 0.003 0.0002 0.00003 0.1 0.002 0.0001
j=2 0.02 P(decision//d5)= 0.00323 P(decision//d6)= 0.1021j=3 0.01

Note: j=1, 2, 3 refers to the state bejing high, middle and low.

According to the actual situation, factor d3 and d4 
only have one sort of state, but their values vary with 
DHMI. Combined with expert judgment and actual 
experience in  NPP, the values can be obtained in 
accordance with different transfer paths, the results are 
listed in Table VI as follows: 

TABLE VI
THE ERROR PROBABILITY OF FACTOR d3 AND d4 IN 

DIFFERENT PATHS 
Transferring 

path
a b a c a d a e a f

P(decision/d3) 0.06 0.001 0.9 0.6 0.2
P(decision/d4) 0.001 0.005 0.1 0.08 0.04

In accordance with Tab le V, Table VI and Eq. (9), the 
values of P(decisiont) of each transfer are listed in Table  
VII. 

TABLE VII 
THE ERROR PROBABILITY OF P(decisiont) 

Transferring 
path

a b a c a d a e a f

P(decisiont) 0.1948 0.13981 1.13381 0.8138 0.3738

2) The results of Succ_Tranfer_path_probility(t,t+1)  
Based on Table IV and VII, Eq. (5), the success 

probability of each path is listed in Table VIII: 
TABLE VIII 

THE SUCCESSFUL PROBABILITY OF EACH TRANSFERRING 
PATH 

Transferring path a b a c a d a e a f
Succ_Tranfer_path_

probility(t,t+1)
0.99
6

0.99
8

0.
7 0.899 0.98

7
(6) Max(t+1,n) 

Select the maximum transfer probability from Table 
VIII, we can find that the maximum is 0.998. 

(7) Transfer_route(t+1) 
Based on step (6), we can know that the next transfer 

path would be(a) (c), that is, the parent node screen (a) 
transfers to the child node screen (c). 

(8) END().
According to the FPPM method for DHMI of NPP 

obtained successfully through monitoring 3K00118YMA 
in the SGTR accident. The forecasting result is in 
consistent with path transferring (frame (a) transfers to the 
frame (c) in Fig.2) of responding manipulation instruction 
given by operators in an actual SGTR accident of a NPP, 
as well as the transferring path achieved by video 
investigation and eye tracking system analysis when 
operators handle with SGTR accident in simulator. 
Therefore, the FPPM algorithm proposed in this paper is 
available. 

VI. CONCLUSION 

This paper proposed FPPM method for the 
monitoring transferring process of DHMI of NPPs, which 
consists of programming mode, execution flow and key 
algorithm and so on. Then, the method is applied to 
analyze SGTR accident of d igital NPP and the predicted 
monitoring transferring path which is consistent with 
actual situation. Thus the method proposed herein does 

will also contributes to analyze the driving mechanism of 
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monitoring behavior, to optimize the dig ital man-machine 
interface, to analyze the monitoring behavior on other 
fields: radar, intelligent robot, aerospace, and so on.  

However, there exists some limitations as to this 
method, for example, we only select 6 factors that 

more than 6 factors that would influence decision; also the 
value of the factors adopted from the existed data or 
experts judgments; meanwhile, the formation of the tree 
structure still need improving to reduce the complexity of 
inquiry. 
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1Abstract - Aircraft cable harness virtual assembly 
technology has an important influence on improving the 
efficiency of the aircraft assembly and performance of 
the machine. Modeling on aircraft cable harness is 
elementary and difficult. For aircraft cable harness 
elements, there are two kinds of the most common 
process constraints: suspension constraint and minimal 
bending constraint. The catenary theory has been 
proposed to model the elements under the suspension 
constraint accurately. For the elements under the 
minimal bending constraint the robot arm has been 
chosen to build the dynamic model to simulate the lying 
process. By controlling the parameters of the robot arm 
to meet the minimal bending radius requirement, the 

changes can be realized in time. The 
Aircraft Cable Harness Virtual Assembly System 
(ACHVAS) has been developed and the cable harness 
elements under the two constraints have been 
demonstrated in the platform to verify effectiveness of 
the two models.  

Keywords - Aircraft cable harness, catenary theory,
minimal bending radius constraint, robot model,
suspension constraint, virtual assembly

I. INTRODUCTION
Cable is an important component of the current 

signal transmission in mechanical and electrical 
products. In the class of complex electromechanical 
products in aircraft, cable exists in the way of harness.
Statistics, assembly occupies half-time of the entire 
aircraft manufacturing cycle. Assembly process 
design is the foundation of modern  aircraft  industry, 
it is the bridge that connecting aircraft design and 
manufacture of aircraft. Harness assembly is an 
indispensable part, the process is not only 
time-consuming, costly, but also the wiring result is 
one of the important objects in aircraft  
troubleshooting and maintenance. Wiring quality 
directly affects the reliability, efficiency and economy 
of the aircraft during its service. For example, the 
U.S. General Electric Company analyzed and 
summarized the reason of air parking event during 
the use of ever developed engine. It found that 50% is 
due to external pip ing damage, cables damage and 
sensor damage [1]. According to a report of the quality 
problems of a batch of missiles in aerospace, cable
fault accounted for about 20% of total failures [2].
                                                
1  Fund of National Engineering and Research Center for 
Commercial Aircraft Manufacturing (The project No. is 
SAMC13-JS-15-024). 

Virtual reality technology is the information 
platform that can improve the efficiency of harness 
assembly and optimize wiring results. Using virtual 
reality technology to simulate the process of harness 
assembly, it has a positive and realistic significance 
on improving the overall quality of the aircraft. For 
harness assembly, study abroad has commenced. 
Literatures [3-5] revolve research work around 
COSTAR harness design immersive virtual reality 
system. The platform of system software uses 
WorldToolKit and the hardware devices include SGI 
Octane2, HMD, Pinch Gloves and Flock of Birds. On
this platform, harness design is divided into three 
steps: cable path planning, cable bundled into a 
harness and cable modifications. Specifically, the 
cable is connected by the given key segments in 
space by a cable designer, each cable segment 
coupled to the cable path. Cables can be edited, 
including the key selection or increased, the cable 
bend around obstacles, increasing the plug, fasten; 
finally tied into bundles. Literature [6] provides an 
overview of the d igital analog cab le wiring installed 
as the core design techniques and tools for data 
management using three expressions of a harness tree, 
using discrete control points on the harness geometric 
modeling [2], which is the same with COSTAR. 
Literature [7] provides three types of spacecraft 
harness, including power lines, data lines and signal 
lines. In a very high speed impact of the vulnerability 
of the 10 experiments were analyzed to obtain that 
the main reason of harness fault is the damage of 
mechanical structure, the form of destruction includes 
material melts, the gasification and material bending, 
but the relationship between the severity fault of 
harness and mechanical damage is not clear. 
Literature [8] studied maximum force of security 
facilit ies - security cable in the balance recovery test 
and relations of restore the critical balance. 

Aircraft harness has proprietary features [9, 10].
Currently, little research has dedicated to virtual 
assembly of aircraft harness. In this paper, two 
common aircraft wiring standard states are addressed: 
harness suspension constraints and minimum bending
radius of the free end of the assembly process to 
achieve its reproduction. On the basis of the analysis 
of two kinds harness anchor points status, derivation
of theoretical modeling were carried out, and it gives 
harness hierarchical data structure. On the design of 
Aircraft Cable Harness Virtual Assembly System 
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(ACHVAS) virtual reality platform, programming to 
achieve aircraft harness assembly simulation process 
on the constraints of these two common state.

II. MODELING ON ELEMENTS UNDER THE 
SUSPENSION CONSTRAINT 

When fixed, cable harness is usually required to 
ensure to be smooth and avoid being crossed and 
distorted. There is a kind of cable harness element 
that is the cable harness element under suspension 
constraint. For the type element, cab les between two 
fixed points are not allowed to pull too tight and are
required to have specific slack value. As is shown in 
Fig.1, r is deflect ion, x2 is the center pitch of the 
clamp. In this case, the stress state of the harness 
hanging constraints at both ends, and exposed only to 
gravity. This paper proposes the use of catenary 
model constraints on the harness hanging modeling. 
As is shown in Fig.1, local coordinate system X 
direction is taken as the endpoint connection of 
harness fixing constraint; the constraint point refers 
to the positive direction o f left  to right. Y-axis is 
taken as the direction of gravity, which is positive on 
the orientation; according to the right-hand rule, you 
can determine the Z-axis and its positive direction, 
point P1 (point O) is origin point.

Fig.1. Elements under suspension constraint

Fig.2. Forces that act on micro-segment of the elements
We can obtain from the force balance condition 

of the object,

0
0
lgxFxxF

xxTxT
      (1)

Formula (1) shows T (x) = T, it is a constant.
Fig.2 shows,

yxl 22             (2)

Put formula (2) into (1), divid ing x on both 
sides,

x
yxg

x
xFxxF 22 )()()()( (3)

When 0x ,

xfgxF '1' 2           (4)
Fig.2 shows

xfTxF '             (5)
Combine equation (4) and (5),
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The parameters a, c1 and c2 are constants in the 
establishment of the local coordinate system in this 
paper. We can  determine c1, c2 from the left end point 
coordinates (0, 0) to the right point coordinates (x2,
0).When the deflect ion of the harness is known as r, 
assuming a unifo rm harness, the harness has a 
midpoint coordinates (x2/2, -r) can be calculated as a.

Establishing harness equation y=f(x), using the 
formula (5), the value and direction of the two  
endpoints of the cable can be predicted.

As shown in the Fig.3, in  the built v irtual reality 
environment, the world coordinate system is 
OWXWYWZW and the cable s local coordinate system 
is OXYZ. Corresponding to Fig.1, O point that P1

point coordinates in the global coordinate system is 
(P1x, P1y, P1z) and P2 coordinates in the world  
coordinate system is (P2x, P2y, P2z). The 
transformation process is, first, local coordinate 
system rotates 180o around the XW relative to the 
world coordinate system. Then local coordinate 
system rotates  around the Y-axis, according to "left 
to right" principle, when given at any point in the 
local coordinate system coordinates (x, y, 0), which  
coordinates (xw, yw, zw) in the world coordinate 
system can be calculated using the homogeneous 
transformation,
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When x2=|P1 P2| 0, in equation (7) is 
determined by equation (8),

PP
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12            (8)

Fig.3. Schematic illustrating conversion between WCS and LCS 
about the elements

III. MODELING ON ELEMENTS UNDER THE
MINIMUM BENDING RADIUS CONSTRAINT

It is often the case that harness and harness 
branch - cable wiring bending, closely associated 
with them is an important technical indicators of 
harness and cable: minimum bending rad ius. The
meaning and purpose of the index is to control the 
cable harness and its branches due to a sharp bend or 
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causing excessive stretching line failure, in order to 
improve the quality and manufacturability of harness. 
As is shown in Fig.4, the harness is bundled together 
of seven cable of the same diameter. One branch of 
cable bends at the free end which is not to be fixed, 
the min imum bending radius of the cable requires n 
times of the diameter d, typically n = 10.

Fig.4. Elements under minimum bending radius constraint
Harness bending and cable bending assembly 

process are typical installation requirements, but no 
part of the contents discussed in detail in previous 
literature and discussion. This paper proposes a robot 
model to simulate min imum bending radius of 
harness and cable .On  this basis, we further propose 
geometry changes of the harness assembly process.

PUMA560 robot [11-12] coordinates of each link 
is shown in Fig.5, the icon sizes such as d2 are the 
D-H parameters. Using this model, the structure of 
the simulation is shown in Fig.4 and the branch bend 
is shown in Fig.6.

Fig.5. Robot arm model and its parameters

Fig.6. Relationship between minimum bending radius and 
parameters of the robot arm

As shown in the Fig.6, the robot model 
parameters from the calculation shows,

ndda 222              (9)

hdd ndl 064
          (10)

The parameter h0 is the constraint length of the 
cable harness,d4 is the length from robot arm elbow 
to wrist,d6 is the length of the gripper in the end.
Allocating in  a certain proportion l is the effective 

length of the crotch portion of the harness.
hddndl 064      (11)

Fig.6 shows the structure of a robot model with 
PUMA 560, when a2, d2 values satisfy equation (9) to 
meet the requirements of the min imum bending
radius of the harness branch. However, the model 
uses only lever 1 and lever 2 to simulate the bending 
part of harness, apparently too stiff. Using three bars 
with the same length and two joints 2 , 3 are used to 
institute the original lever 1 and lever 2 to refine the 
bending part shown in Fig.7. Using the method, the 
length l is unchanged.

Fig.7. Refining the robot model to improve simulation precision
As shown in the Fig.7, the length of the three 

rods is The mechanical structure of the robot 
model to ensure min imum bending radius conditions,
in order to smooth the harness, each joint point in 
Fig.7 will be drawn with B-spline curves. In this 
virtual reality platform, the algorithm simulat ion 
results are shown in Fig.8.

Fig.8. Simulation screenshot of the elements under minimum 
bending radius constraint

IV. MODELING ON CABLE HARNESS 
GENERAL SIMULATION PROCESS 

Simulation of the harness assembly process 
characterized in that the geometry of the harness can 
make a quick response, and can avoid the obstacle. 
This process is similar to the robot arm operating 
modes, harness mobile endpoints, representing the 
end of the robot arm gripper. Harness no interference 
to the target position, which is the end of the robot 
gripper reaching the designated point of inverse 
kinemat ics solution, involving the existence of 
solutions, under conditions of multiple solutions to 
meet the requirements and avoid obstacles shortest 
travel requirements. Harness geometry, 
corresponding to the arm of the robot manipulator 
arm posture to reach the point of space. Fig.9 shows a 
comparable between the two. In  view of the above 
analysis, we propose the use of a robot model in  
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harness assembly process.

Fig.9. Similarity comparison between cable harness assembly 
process simulation and robot arm work mode

Harness assembly process model should meet 
three conditions. First, the rig id body and space are 
similar, should have six degrees of freedom. Second,
harness assembly process remains the same length;
the joints should be rotating joints, without moving 
the joints. Third, to meet the harness virtual assembly  
process requirements, the model should have closed 
inverse kinemat ics solution. Based on this, in order to 
maintain consistency with the model, we use 
PUMA560 model structure in the assembly process 
of harness. Model parameter assignment is the same 
with Part 3 of this article. Fig.10 and 11 are achieved 
the min imum bending radius of the harness assembly 
using the model shown in Fig.8.

Fig.10. Assembly process

Fig.11. Assembly process

V. CABLE HARNESS DATA STRUCTURE AND 
MODELS SIMULATION EXAMPLES

From the main harness, aircraft harness can
separate many different levels of sub-harness or cable 
and the structure is complex. In order to make clear 
recording level, data of harness and consider 
programming convenience. In this paper, a robot 
modeled on the basis of the connection structure [13],
proposing harness data structure shown in Fig.12. In  

Fig.12, each of which has only two branches, the left 
branch of its sub-branches, plus a series, right branch 
tied to its branch level. Specifically, looking down 
from the left branch of Fig.12, showing the harness 
segments expanding hierarchy, such as the "main  
harness", "2nd level harness A", "3rd level harness 
A1", "4th level harness A11".The right branch, the 
"main harness" does not have the same level. The 
"2nd level harness A" is the same level with "2nd
level harness B" and "2nd level harness C". Fig.13 is 
a specific example of the data structure of Fig.12;
Fig.14 is a data structure of the harness.

Fig.12. Multi-level data structure diagram of cable harness 

Fig.13. Multi-level data structure instance 
In this paper, VC++ language and WTK 

developed a virtual assembly system based on MFC 
interface -Aircraft Cab le Harness Virtual Assembly 
System (ACHVAS).On the p latform, based on a 
common aircraft assembly structure shown in 
Fig.4.This article discusses the harness to build the 
model and conducts a harness assembly process 
simulation, as is shown in Fig.14 and 15.

In Fig.14, the harness is constituted by three 
cables, the diameter of main harness is 6mm and the 
diameter of 2 level harness is 4mm. The diameter of 
the 3 level harness, cable 2 and cable 3 are 2mm.
Two spacing shown in the clamps from left to right 
are 35 mm, 300 mm, respectively, corresponding 
deflection is 2 mm, 10mm. The bending radius of 
cable2 and cable 3 are both 20mm. Fig.15 is a
screenshot of the harness assembly, the harness 
hanging constricting portion has been modeled, the 
cable 2 and the assembly p rocess of the cable 3 is 
formed in the min imum bending radius. Fig.16 is a 
diagram of the clamp of harness in Fig.14 which is 
fixed on the machine panel.
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Fig.14.Modeling example of the two kinds of elements in VR

Fig.15. Example of cable harness assembly process simulation

Fig.16. Example of cable harness installation

VI. CONCLUSIONS

1) Based on features of aircraft cable harness 
assembly process, two kinds of cable harness 
elements have been proposed: elements under the 
suspension constraint and elements under the 
minimum bending radius constraint.

2) For the cable harness elements under the 
suspension constraint, the catenary theory has been 
proposed to model.

3) For the cable harness elements under the 
minimum bending rad ius constraint, the robot arm 
model has been proposed. The relationship between 
minimum bending radius and parameters of the robot 
arm has been discussed. Using the model, the 
dynamic geometry of cables can be displayed in time. 

4) In the developed platform ACHVAS, a cable 
harness assembly simulat ion instance has been 
demonstrated.
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Abstract - This paper aims to discuss the low carbon 
practices development in manufacturing companies. As the 
environmental-friendly pressure and internal energy-saving 
motivation are growing, firms start to implement de-
carbonization projects across their supply chain. This study 
conducts case studies to these projects in 11 companies. A 
process framework of implementing low-carbon 
improvement practices is generated via the case analysis. 
Before building up the framework, the constituents within 
the framework are also discussed, including the three 
constructs which lead to classification of improvement 
projects, the process of project portfolio generation, internal 
supporting system and external supports. This novel study 
covers the absence of method to design de-carbonization 
action in operation management field. Also it expands the 
understanding to continuous improvement for 
environmental purpose. Practically the process framework 
can guide CSR or carbon managers to design corporate 
carbon strategy. 

Keywords - Carbon reduction, sustainable practices,
supply network 

I. INTRODUCTION 

Climate change is emerging as a major challenge for 
modern  society [1]. Government, business, and wider 
society all have a shared responsibility to  tackle the issue. 
Under mult iple pressures from government legislation and 
society, companies have to embrace low carbon 
management [2-4]. It has been shown that emerging 
economies suffer more conflicts between environmental 
protection and economic development due to their 
relatively larger population and lower technology 
industrial level. For the firms in emerg ing economics, 

relative simple way, but it is not sustainable under the 
climate change issue. And they face more difficult ies to 
conduct the de-carbonization due to lack of supporting 
infrastructure [5], sufficient  technology and knowledge 
[6], and last but not least, their regional leg islation 
pressure [7]. All these issues make the engaging of firms 
in developing economies complicated. 

Therefore this research focus on the excellent 
companies in developed and emerging countries UK, 
Taiwan, and China which performed some init ial 
practices in de-carbonization. 

Until 2000s the focus of the global warming problem 
ena 

stream, that is considering the issues of risks [8],
measurement [9], mit igation [10] in the different 
industries [11-15]. From the supply chain/network 
perspective, there are researches exploring the de-
carbonization in different stages of supply chain. Hua et al. 

[16] investigated how firms manage carbon footprints in 
inventory management under the carbon emission trading 
mechanis m. Holweg et al. [17] assessed the global 
sourcing risk considering the carbon offset costs . In 
supplier engagement, Jira and Toffel [18] d iscussed 
factors associated with the 
disclose carbon information  to buyers. Other issues have 
also been discussed, including  aggregate loading in 
energy management in the production phase [19], waste 
management [20], etc. Smith and Ball [21] focused on the 

waste) flow model to provide guidance on systematically 
analyzing manufacturing facilities, and to assist with the 
identification and selection of improvement opportunities. 
Choi [22, 23] discussed the impact of the carbon footprint 
tax on retailer s sourcing decisions. According to 
literature, the low carbon supply chain practices can be 
categorized into 4 general stages:  

Product: product design, packaging design, user 
phrase performance, waste Management, product 
recycle/reuse; 
Procurement: sourcing, supplier management, 
transportation from supplier, waste management; 
Production: internal generic manufacturing process, 
waste management; 
Logistics: transportation to clients, reverse logistics, 
transportation packaging design. 
These four categories are consistent with one of the 

three dimensions that emerged from the case data. 
However there are few literature that drill into the 
practical needs of designing carbon emission reduction 
action plans, which are addressed in this paper. 

The structure of the paper is planned as follow: the 
research design is firstly presented to explain the method 
adopted and the cases selected. Then the data in cases 
improvement practices are presented in Table I, including 
a summary of practices, idea generation processes and the 
supporting system to enable creating improvement 
recommendations. According to the cross case analysis, 
an init ial framework to classify improvement practices is 
generated. Based on analysis shown in the data, a 
framework fo r the  improvement process is then presented, 
which discusses the various approaches made to generate 
project ideas and also, which  is just as important, the 
internal organizational supporting system to  facilitate 
these projects. Finally discussion and conclusion are 
presented. 
  

II. RESEARCH DESIGN 

 This research aims to answer the following research 
question: 
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What can firms do to improve carbon emission 
performance in their supply network? 
 Semi-structure interviews were conducted in a 
number of companies. Tab le I shows the main cases and 
some of the case data. In this study, the case companies 
were identified based upon their perceived performance in 
low-carbon supply-network operations, and to provide a 
cross-section of industries. The selected industries can be 
divided into two types: assembly oriented, such as ICT, 
and process oriented, such as beverages, and steel 
manufacturing. Select ing industries that have higher 
carbon-emission impacts on the supply network, such as 
the ICT and chemicals industries, was the second-priority. 
The third criteria was that the case companies should 
focus on manufacturing rather than services, and this 
criteria meant that the majority  of case companies are in 
the Great China Area, due to the current global 
manufacturing landscape.  
 Data was collected mainly through semi-structured, 
in-depth interviews with managers between June and 
August, 2013, with the aim of obtaining personal insights 
from managers, as well as through documents and 
archives to ensure construct validity. The interview list 
and questions were conducted using pre-designed 
guidelines, as shown in Tab le II. Most of interviewees are 
middle and senior-level managers in  sustainability, supply 
chain and manufacturing departments. Due to the word 
limit  of the conference requirement, the detail of each 

example of case Lenovo. 

III. RESULTS

A. An Initial Framework to Classify Reduction Projects 
Cross-case analysis is conducted in the reduction 

projects, three constructs of reduction practices emerge 
which is shown in the Fig.1.

The themes concluded from the detailed p ractices of 

These themes are further classified into 2nd order 
categories according their characteristics. Sub categories 
are eventually grouped into three constructs: supply 
network stages, the factors that links to carbon emission, 
and the type of change.  

Supply Network Stages 
Carbon Emission Performance Improvement Choice 
Types of Changes
So an init ial framework to classified reduction 

practices can be generated according the above-mentioned 
three constructs: supply network stages, emission 
reduction factors, and types of changes. These three 
constructs are independent to each other (shown in Fig.2). 

B. A Framework of Carbon Emission Improvement 
Process  

The three-construct framework for reduction projects 
can be used by practitioners to generate a solution idea. 
However this systematic way to devise a solution is a 

-  the bottom-up

approach to generate reduction projects also emerges from 
the case data. Table I summarizes the portfolio generation 
methods, and internal/external supporting system in each 
cases. 
1) Portfolio Generation 

From the case data, both top-down and bottom-up 
approach to generate the emission reduction projects  can 
be found. 

Top-down approach refers to that the improvement 
knowledge comes from external resources. Therefore the 
solution project portfolio will be generated by the 
environmental-affair team and deploy top-down to each 
departments R&D, production, logistics, etc. The 
sources of these external carbon reduction knowledge 
include mainly three types:

- International Standards and guidelines: GHG 
protocol, ISO 14064/14067, etc. Lenovo uses GHG 
protocol to guide its reduction projects ideas; 

- Industry specific reduction knowledge: WSA (World  

manufacturers. China Steel Corporation gained many 
support from WSA. 

- Practit ioner tools and guidelines: cleaner production 
principles, PDCA continuous improvement.   

These resources can be obtained from multip le 
external entities, including NGO, Business associations, 
consultants, industrial standard organization, Government 
bureaus, academic institutions, technology service 
provider, supply network partners, etc. 

Bottom-up approach is when the improvement 
knowledge comes from internal resources field 
engineering, staff at direct business line. So the solution 
project portfolio will be proposed by these front-line 
employees and then approved by the senior management 
group, who will then deploy the solution. Emerg ing from 
the case studies there are two types  of methods gaining 
this kind of knowledge: 

- Encouraging front-line engineers and staffs to 
propose new practices based on their operation experience. 
In most cases monetary reward are used, e.g. Tung ho

- Investing R&D project for Energy efficiency, such 
as Brit ish Sugar invested average 1.8 million GBP per 
year on energy & material efficiency projects on 
production, suppliers, transportation & packaging. 

In most the case companies, these two approaches are 
in fact applied simultaneously to generate the potential 
reduction project portfolio. The top-down approach can 
give focal firms  a systematic view of the carbon reduction 
requirement and a possible solution, but the solutions are 
in general not feasible for the focal firm; On the other 
hand, the bottom-up approach provides practical, specific 
and an applicable solution. The bottom-up approach can 
be very innovative, such as Tsingtao Brewery who 
collects CO2 generated in wort fermentation to substitute 
the gas which is used to seal beer bottles. However the 
bottom-
operation that other aspects of reduction projects are 
neglected. Therefore a special environmental affair team 
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is needed to perform as a hub absorbing external 
knowledge and internal proposals, and makes the decision 
afterwards. 
2) Internal Management Structure 

The above-mentioned special team plays a key ro le to 
enable the projects to be implemented, however, there are 
other components in the system to support, as shown in 

column in Table I, a pattern in organizat ional structure 
emerges, as shown in Fig.3. 

The support from the top-level management group is 
important for implementing the improvement project, 
which ensures sufficient resources can be allocated to 
these projects. A vice-president-level officer is normally 
assigned to manage the carbon management issue as 
whole. Many case companies have set up virtual carbon 
management committees, which consist of the CEO, v ice 
president for the carbon issue, and senior managers in 
each of the functional units-R&D, production, 
procurement, etc. These senior managers report the 
overall progress of carbon projects, and they are assigned 
with tasks to cooperate with the carbon special task team. 
This carbon management committee have regular 
meet ings, but are not actually involved in the project 

from beginning to end. 
A carbon special task team is set up for coordination. 

The team normally  has a few members to cover the 
different projects or different plants (if the focal 
companies have these, such as Tsingtao Brewery). The 
team acts as the carbon expert in the focal firm who best 
know carbon management and the related standards. The 
carbon targets should be proposed by the team to the 
carbon committee. Absorbing knowledge from external 
sources and reviewing the solutions proposed by front-
line staff in each functional units, the team has to make 
decisions to select reduction projects, and then choose 
tutors who support and monitor the project 
implementation in  the function units or multiple p lants. 
This team normally belongs to the EHS (Environmental, 
Health & Safety) department, which is separated from 
other departments. However, it can also belongs to 
production departments or product QA (Quality 
Assurance) departments, depending on the focus of firm. 
E.g., Tsingtao Brewery sets its team under production due 

production stage. 
3) Improvement Process 

A process model to implement improvement practices 
can be summarized (shown in Fig.4). 

The measurement  to corporate a supply chain level 
emission is the first step and it sets the baseline which is 
needed to create carbon reduction targets and plans. The 

committee. 
There are three steps to imple ment the reduction 

projects: 

- Generate portfolio of projects  
The carbon special task team co llects and generates 

-
-

- Assess projects 
The project portfolio needs to be assessed and some 

of these projects are selected to implement it. The firm 
sets selection criteria according to its own context and 
targets. Feasibility, cost & benefit, payback period, and 
risks are four common aspects to consider. In the Tsingtao 
Brewery case, five criterion are used: the innovativeness 
of the project, feasib ility & complexity, carbon reduction 
potential, economic return and cost.  

- Execute projects 
The selected projects are executed by different 

departments and supervised by the carbon special task 
team. In the AUO case, a tactic is applied--comparat ive 
experiment of reduction pro ject was conducted in two 
plants to test its utility.  

After implement ing the projects, feedback and 
continuous improvement are in need. Case companies 
devise monthly, quarterly, or half-annual rev iews and 
report to the senior management group in order to gain 
timely  feedback. Both the functional departments and 

success, and achieving the reduction target as well. 
Continuous improvement tools -e.g. P-D-C-A (Plan, Do, 
Check, Action) is applied, together with annual audits and 

culture of the firm. 

IV. CONCLUSION 

Based on the case study, this paper discusses the 
improvement practices in  case companies, idea generation 
processes and the supporting system to enable creating
improvement recommendations. Classification of 
reduction projects are then proposed to serve as the basis 
for the improvement process framework. This 
classification can help  managers to design potential 
carbon reduction projects. Also top-down and bottom-up
approaches are two common methods to guide firms.  
Then this study investigates the organizational structure of 
implementing carbon reduction projects, from internal 
operating units to external knowledge support. Based on 
all these constituents, a process framework of 
implementing improvement practices is generated. This 
framework contributes to the links between low-carbon 
requirement and operations management field, from the 
practices perspective. The related small number of 
investigated cases limits the generosity of the study. The 
future research should conduct a larger scope of survey to 
further test the framework. 
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TABLE I 
CASE DATA AND ANALYSIS 

Project Portfolio Generation Internal Supporting System External Support

Le
no

vo

1. Top-down way following the GHG protocol 
ctices that 

generate Scope 1, 2,3 emissions. These 
guideline is passed to operations department by 
GEA (General Environmental Affairs 
Department)
2.Bottom-up way project ideas generated by 
managers in departments with first-hand 
experiences
3. Priorities of projects: three levels, energy
efficiency, renewable energy, and purchase 
renewable energy credits/carbon offsets.

1.CEO supports the climate change policy, one 
Vice president is assigned as Chief Sustainability 
Officer (CSO)
2.A platform Global Environmental Affairs--
across the whole business group to implement 
carbon reduction projects, under the management 
of (CSO)
3.In each domestic offices and plants, 
coordinators  in separate EA department and 
representatives in product, production, and other 
departments to support GEA
4.Follow ISO14000 standard to build up internal 
supporting system

"Cooperation with NGO, Government Bureaus, 
International Organizations, and Academic 
Institutions to gain rich resources on technology 
and knowledge on carbon issue"
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y
awareness spreads to all 

levels of staff, stimulating the low-carbon idea 
generation process naturally and self-consciously
Bottom-up approach. Employee at every level, 
especially engineers and technicians, are 
encouraged with monetary reward to submit new
proposals on boosting energy & resources 
efficiency, via running a proposal competition. 

1. The CEO strongly supports the carbon issue 
and considers low carbon into main business 
strategy.
2. Low carbon issue is managed under 
manufacturing department, and a special team is 
set up for targets, plans and monitor. 
3.6 specialist  formed the team in the 
headquarters, and one specialist in each brewery 
factory. The carbon specialists are also evaluated 
yearly. And these specialists are promised with 
faster-track on promotion. 
4. General manager was the first person 

-
protection management; every levels of 
environmental officers have to communicate with 
the general manager on a regular basis. 
5. The participation of senior management 
ensures sufficient resources allocated to carbon 
management projects the carbon projects have 
priority on getting funding, human resources 
compared to other projects. 

Carbon footprinting project is supervised by 
external consultant 

ZT
E

1. ZTE reduction projects identification comes 
from the principles of Cleaner Production, 
2.The internal CSR team conducted the cleaner 
production assessment, which collects the 
operation data and analyse the un-balance 
between materials in input/output activities. 
Specialists can figure out potential cleaner 
production options from those unbalanced items.
3.Eight potential aspects are analysed: 
Resources, Energy, Technology, Equipment, 
Process Control, Products, Waste, Management 
and Personnel

1.In 2007 a special CSR team is built  up to  
implement the CSR architecture of ZTE
2.A Vice President was named specially as 
representative of ZTE CSR system
Specially for carbon issue, ZTE sets up a 
committee for energy saving and carbon emission 
reduction. The task for the committee includes 
two streams: one for the corporate level 
improvement and the other for the product level. 
3. Four specialists were allocated equally into the 
corporate-level team and product-level team.

1. ZTE has obtained the LCA carbon analysis 

footprinting. 
2. For reduction projects, due to business 
confidential issue, ZTE only relies on internal 
capacity for evaluating and implementing these 
projects. 

A
ce

r

1. Bottom-up approach. Acer does not rely on 
the sustainable office to generate carbon 
emission reduction options. 
2. Each department is responsible to identify the 
reduction solutions by their internal capability. 
And these projects need to comply with the 
overall carbon reduction target. 
3. Due to tough market competition, Acer has a 
corporate culture with highly sensitive to the 

influence every staff to consider environmental 
friendly practices in their daily work, which is 
part of continuous improvement conduct.

1. Acer sets up an environmental management 
committee to manage environmental issue as a 
whole
2.A group of 7 people consist the Acer 
sustainable office, aiming for coordination 
between departments and special task groups on 
those environmental, health and social issues.

1. External sources include research institute 
such as Industrial Research Institute of Taiwan, 
industry association such as Electronic Industry 
Citizenship Coalition (EICC), consultants, third-
party auditors such as SGS consultants for the 
on-
government organizations such as the special 
program of Taiwan Industrial Developing 
Bureau. 

TS
M

C

1. Top-down approach: After the committee 
determines the carbon emission reduction target,
each business department gives out individual 
implementation plans according to the target. 
Before the plans are reviewed, the Industrial 
Safety and Environmental Protection Technical 
Board provides the guidelines about industry 
requirement in worldwide scope and government 
regulation;
2. Each year, the Industrial Safety & Protection 
Technical Board conducts internal audit to 
examine the results of these practices. 

improvement and polluted gas control practices
can be transferred.
4. Bottom-up approach: EHS units in each plants 
also proposed reduction ideas and a competition 
with monetary reward is given. Good practices 
will be copied in all plants.
5.PDCA principle is applied

1. TSMC forms a special committee to manage 
the environmental-related issues, and there are 
several teams to implement detailed practices. 

organization consists of: the central 
Environmental, Safety & Health Planning unit; 
3.The Industrial Safety and Environmental 
Protection Technical Board;
4.In each manufacturing facility there is 
designated Industrial Safety and Environmental 
Protection unit to cooperate with the central ESH 
department
4. Each business department gives out individual 
reduction project plans according to TSMC 
overall corporate target. Then the central ESH 
Planning unit will decide and approve these 
plans.

1. External auditing service providers are 
employed, and they give out improvement 
advice to TSMC.
2. TSMC works with World Semiconductor 
Council, so industry-level best practices 
information are obtained to support 
improvement-options generation. 
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1. Bottom-up approach. Groups that consists of 
lined engineers and senior engineers from 
different departments are formed to generate 
optimization ideas/options. This type of meeting 
with line engineers are organized 4-5 times 
every year in order to collect t imely ideas of 
operation optimization. 
2. After the meeting, these ideas/options are 
accessed by Office of Energy & Environmental 
Affairs, which is directly headed by CSC Group 
Chairman & Vice Chairman.

1. CSC set up the CSC Group Committee for 
Energy and Environmental Promotion in April of 
2011, with the Chairman of CSC acting as the 
chairman of the Committee to implement carbon-
related tasks with PDCA. The committee consists 
of several sub-committees to cover multiple 
environmental issues, which are under daily 
manage of Office of Energy and Environmental 
Affairs
2.Within production department, CSC set up the 

-Conserva
Vice President. Three specific teams are 
responsible for the implementation of energy 
conservation and carbon reducing affairs within 
all the plants.

1. China Steel works closely with Taiwan 
Industrial Technology Research Institute (ITRI) 
to gain carbon emission measurement 
knowledge. 
2. CSC gained the most important information 
and knowledge from the involvement in World 
Steel Association, especially in its Climate 
Action programme. 
3. CSC regards participation in International 
Co-operative R&D programs is a good way to 
enhance knowledge exchanges and prepare for 
new trends. At present, the World Steel 
Association promotes co-operative projects to 
reduce the CO2 emissions from iron making 
processes by 30~70%.

A
U

O

1. The senior management Directors and Vice 
Presidents, who are the top managers for each 
region, organize seasonal meetings for idea 
exchanging between regions
2. The production managers for each production 
line, forms Cross Function Team (CFT) to 
enable experience sharing. There are different 
solutions generated in different plants, serving to 
resolve the same energy-saving problem. 
3. AUO conducts comparative experiments on 
two plants based on CFTs to test potential 
reduction projects. But this type of innovation 
mainly focuses on factory infrastructure 
improvements.

All the carbon management issues are managed 
under the EHS (Environmental, Health & 
Security) department in AUO. The company does 
not specially set up a new committee to manage 
related practices.

1. AUO cooperates with Industrial Technology 
Research Institute of Taiwan (ITRI) for carbon 
management knowledge and information. 
2. AUO participated in an environmental 
assessment of ICT Industry at the MIT. The 

helped AUO stay up-to-date on developments in 
international carbon footprint calculation 
science, and eventually develop the fast -
calculation tools for measuring emission of flat 
panel products.

Be
nQ

Top-down approach. The requirement of carbon 
reduction target is allocated to each product 
lines. Under each product line, each department 
identify the detailed implementation options. 

1. The corporate sets up CSR team in headquarter 
to manage related issues.
2. The carbon-related issues are directly managed 
in Product Technology Centre. This product 
technology centre consists of procurement centre, 
supply chain centre, quality management centre, 
etc. 
3.The carbon management target is set up by 
CSR team, and approved by General Manager.

The LCA software SIMPRO is used for 
assisting estimation of production carbon 
footprint under new potential design.

Tu
ng

ho
 S

te
el

1. Bottom-up approach: The green innovation 
practices proposals come from the production 

Improvement Proposal
year 2-3 proposals in the system are put in 
practices, with a share of economic benefit to the 
staff proposed the solution.

1.
established, with president as head of committee 
and director of R&D technology department as 
vice head. 
2. The technology department in factory is the 
key division to be charge. 

1. In the PCF project, external consultants are 
involved to help Tung Ho to conduct the 
process, including the knowledge support from 
the IDB (Industrial Development Bureau).  
2. Steel Association in Taiwan has gathered 
steel manufacturers to share GHG emission 
reduction experience. 
3. There are also numbers of cleaner production 
knowledge sharing between TungHo and other 
business associat ions, such as Taiwan Green 
Productivity Foundation. 

Br
iti

sh
 S

ug
ar

1. Waste oriented approach
2.British Sugar has generated highly innovative 
ways to fully utilize all the raw materials into 
sustainable products.
3. British Sugar holds the continuous 
improvement principle, and invested an average 
of 1.8 million per year into R&D projects onto 
production, suppliers (farmers), transportation 
and packaging, etc. 
4. Bottom-up approach: Any individual can put 
forward energy reduction ideas for consideration 
by the senior Leadership Team.

1. An Energy Management Team is set up in 
British Sugar to cover the overall carbon 
management issue. 
2. The Energy Management Team controls the 
investments into new techniques and daily energy 
conservation initiatives.

1. British Sugar works with the consultants in 
North Energy Ltd and participated in pilot 
project of Carbon Trust. But the core 
improvement projects are conducted solely by 
British Sugar internal engineering team
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1. up for 
1 year to generate the best practices action list . 
These partners are capable on industry-related 
technical knowledge on carbon emission 
management. The best practice plan follows the 
principle of ISO14000. SMEs involved in the 
projects are guided with the plan and these 
specialist  hired by WWF LCMP program.
2. SMEs gain experience from supply chain. 

important for manufacturers to improve their 
technical competence. 

WWF relies on external technical expert for
detailed engineering knowledge. It aims to play 
the roles of motivator, coordinator, and monitor.

WWF get the fund from Green Dragon 
Foundation to support the operation of LCMP. It 
has obtained lots of connection resources from 
Hong Kong Productivity Council. The Ecofys is 
the technical partners to WWF, serving as 
external consultants as well in implementation. 

TABLE II 
SEMI-STRUCTURE CASE INTERVIEW QUESTIONS 

Construct Q uestions
Improvement According to carbon strategy, what projects are implemented to reduce carbon emissions?

Explain the timeframe, scope, attendees, procedures, project management and results of these projects.
The criteria to select decarbonization projects, taking consideration of cost, feasibility, etc.
How does the result of measurement link to the improvement of project selection?
What the carbon reduction projects have been conducted in different supply-chain stages (product design, product packaging, 
procurement, logistics, distribution, etc.), and in what projects has the firm cooperated with supply chain partners suppliers, service 
providers, distributors, etc.?
Does the firm consider carbon reduction as a factor in supply chain re-design?
Does the firm implement low-carbon supply-chain management systems?

TABLE III 
LENOVO CARBON EMISSION REDUCTION PROJECTS SUMMARY 

Aspects Reduction Projects Details Themes
Product 
Design

-of-life products (Lenovo avoided in FY 2012/13 more than 27,050 MT CO2e thanks 
to recycling end-of-life electronic products. (This result is calculated according to the US EPA Waste 
Reduction Model)

Packaging
-Lighter and smaller products
-minimize the use of packaging material consumption per box 
-more compact and reusable packaging materials

Energy Efficient/Low Carbon Products
-product design to generate less carbon emission of product in the customer user phrase

-Reuse waste
-Packaging Material 
usage
-Energy efficiency in 
user phrase

Procurement Supply Chain/Supplier Management 
-Lenovo engage Top Tier 1 suppliers into Carbon/Water Reporting Tools Coalition (Electronics Industry 
Citizenship Coalition carbon/water reporting tool, online platform from 2013) 
-Lenovo plans to add an evaluation of potential supplier climate change performance and strategy, as a 
differentiator in the procurement process. 
-Lenovo meets annually with its primary suppliers to share low carbon views and requirements. ( Lenovo held 

Beijing, Shanghai
green product design, product carbon footprinting)

-Change of managerial 
requirement in its 
procurement

Production
-Area optimization-integrating and modifying assembly lines,
-Reducing PC on-line testing time
-Consolidation of operations
-Use local manufacturing facilities in the Americas, Europe and Asia

-Optimize production 
process in new 
management way

Logistics
-reduce transportation miles incurred and improve reuse of packaging and shipping materials. 
-In 2012 Pallet Pooling project: recycle and consumption reduction of wooden pallet recycle
-bulk shipping alternatives
-Use of low carbon shipping methods via trucks, rails, or sea-flights, instead of air-flight (During 2009, Lenovo 
shifted 7 percent of notebooks from air transport to ocean transport)
-Working closely with its shipping partners to implement fuel efficient shipping standards. 
-In 2012 Lenovo begins collecting and calculating, or estimating product transportation emissions data via 
using DHL carbon data dashboard, and other 3 key carries data on shipment, these 4 key carriers represent 

-Regional distribution facilities allow for lighter loads, load consolidation and full-truck-load shipments. 

-Material usage reduce
-Reuse and recycle
-new managerial tactics 
without using new 
technology
-In pursue of saving 
fuel to reduce emission

O ther Environment 
-Installation of low energy lighting and related electrical equipment,
-Energy efficiency improvements to HVAC system and chillers,
-Eliminating or improving usage of transformers and air compressors

-Building management adjustments that turn lights/HVAC on later in morning and off earlier in the afternoon
-Signs/training for turning lights, laptops off

-Reduction in the number of company operated vehicles
-Summer Hours program
-LEED Commercial Interiors Gold Certification for a new office in Milan, Italy
-ENERGY STAR® certification for Morrisville, NC buildings

-Change equipment and 
lighting with new 
technology
- Energy saving in 
plant building and 
office building
-Individual employee 
behaviour change
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Industry Specific (Data centres)
-Improving data centres energy efficiency

Measurement to the Product Carbon Footprint
Energy ---Scope 2

-Hot water solar system was implemented on some buildings in Chinese facilities 
-solar lamps were installed for parking lot lights in Beijing
-Lenovo installed solar panel arrays at the manufacturing site in Shanghai in 2012. It  could save around 10-
15% of site's annual electricity consumption and reducing GHG emissions by more than 400 MT CO2e yearly.

-Purchase of carbon credits, from Climate Action with a lit tle over 5,450 carbon offsets from a renewable 
energy biomass waste to energy

-Substitute energy 
source renewable 
energy
-Enabled by new 
technology
-Applied to production 
site and buildings

External 
Network -

Industries proj

--Involved in the CDP Investor project and supply chain project

-Building a general 
network to work on 
emission reduction
-Indirect emission 
reduction practice

Product Design

Procurement

Production

Logistics

Building

Product Performance in User Phrase

Product Function Design

Useer Phrase Packaging Design

Raw material Purchasing From Suppliers

Packaging From Supplier to Plant

Transporation from Supplier to Plant

Production Process in Plant

Transportation from Plant to Client

Production Building Related

Office Building Related

Boosting Energy Efficiency

Renewable Energy

Reduce Material Usage-Material Efficiency

New Subsitute Material

Reduce Waste

Waste Reuse and Recycle

Change Invididual Employee Behaviours

Optimize process via Managerial Change

Optimize process vis new technology change

Optimize process via design with current 
technologies

Fundamental System Change

Energy Oriented

Material Oriented

Waste Oriented

Behaviour Change

Managerial Change

System Change

Technology Change

Supply Network Stages

Emissoin Reduction Factors

Process Change Types

1st order Categories 2nd order Categories Constructs

Fig.1. Three Constructs Coded from Data of Improvement Practices 

Waste

Material

Energy

Behaviour Change
Managerial Change

Technology Change
System Change

Change Types

Supply 
Network 
Stages

Emission 
Reduction 
Factors

Fig.2. Classification for Reduction Projects
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Focal FirmExternal 
Environment

Assign

Monitor

Involve

Knowledge 
Input

Assign Tasks

Senior Management Officers in Each Function Unit 
are member of the committee

Front-line Engineer and Staffs propose solutions and give feedback

Decision Making
Assisting Project 
Implementation
Monitoring

Operating Function Units

Fig.3. A General Model of Carbon Management Organization Structure 

Carbon Emission 
Baseline Measurement Planning & Targets Portfolio of Project 

Generation
Detailed Projects 

Implemented

Feedback &
Continuous 

Improvement
Projects Assessment

Measurement Set Goal & Strategy Implement Reduction Projects Feedback

Carbon Special 
Task Team

Operating 
Function Units

Carbon 
Management 
Committee

Waste

Material

Energy

Behaviour Change
Managerial Change

Technology Change
System Change

Change Types

Supply 
Network 
Stages

Emission 
Reduction 
Factors

Top-down 
Approach

Bottom-up
Approach

Fig.4. A Process Framework of Implementing Improvement Practices 
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The Application of Standard Hour in Commercial Aircraft Manufacturing 
Industry

Shunlong Jiang
Development & Planning Department, Shanghai Aircraft Manufacturing Co., Ltd. (SAMC) China  Industrial 

Engineering
(jiangshunlong@126.com)

Abstract - The paper illuminates a signification part 
in the application of industry engineering that is using 
standard hour to guide and monitor the aircraft 
production through the examples of commercial aircraft 
enterprise. This method achieves notable results through 
long time practice and application. In order to popularize 
the methods and theory of standard hour application, the 
paper analyzes and compares the application status of 
standard hour in domestic and oversea enterprises, 
distinguishes the difference between the standard hour 
and man-hour, and points out the problems in the 
application of standard hour in domestic IE area. The 
paper aims at emphasizing the correct application skills 
and methods of standard hour, pushing the improvement 
in reducing the production cost and increasing production 
efficiency. 

Keywords - Application of standard hour, 
commercial aircraft fabrication, IE methods

I. INTRODUCTION
It is an indispensible method to determine the 

standard hour of fabrication in IE applicat ion, which  
has direct relationship with the production cost and 
efficiency of an enterprise, especially in the 
environment that market  economy promotes the 
development. The accuracy of SH calculat ion and 
estimation also has direct relationship with the 
economic destiny of an enterprise, which may cause 
irreversible damage if something is wrong. Therefore, 
an IE, who participates in determin ing SH of aircraft  
fabrication/assembly in Commercial Aircraft  
Corporation of China Ltd
pay high attention to the job, fully understand each 
steps in the fabrication/assembly, know all production 
sequences and operation processes, and finally  
calculate the working-hour data which will meet the 
need of production, and form an effective 
standardization of working-hour through the 
continuous observation, analysis and comparison. 

II. STANDARD HOUR

data in the research and application of IE. It provides 
the reliable basis for the calcu lation and evaluation  of 
production efficiency and the improvement of 
organization. It is the adopted production lead time 
which is common used method in the world. At the 
same time, the applicat ion of SH can also promote the 
optimization of production labor or lead  time, and  
standardization of operation processes.  

A. What is SH
A Standard Hour is the normal t ime for a normal  

man  to do a normal job under normal conditions. The 
normal man refers to the representative operator, who 
shall have the certain knowledge, skill, physical 
strength and working experience to complete the work 
per given procedures. The normal condition means that 
work method and condition shall fo llow certain  
standards, such as cutting speed and depth, including 
equipment, tool, material supply, environment and etc.
The normal speed refers to the operating speed under 
the normal conditions, for example, step length is 
550cm, and step time is 0.6s.If all kinds of conditions
mentioned above can be satisfied, it  will achieve the 
requirement of standard time.
B. The Definition of SH

A Standard Hour is the normal t ime for a normal  
man  to do a normal job under normal conditions. The 
standard is established by applying the basic elemental 
hours to each element of the job, as p lanned, 
considering material, dimensions, tolerance and tooling. 
Where the operation is peculiar and not covered by the 
Rate Guide, the estimated is made by empirical 
methods. To the foregoing standard, the following  
allowances are applied. When perishable tool are 
involved, apply a tool allowance to the machining  
elements (based on normal tool life and specific 
blueprint for machining).
Example:

1) Elemental Standard + Tool Allowance =  
Elemental Base Standard                      (1)

Tool Allowance =0.067×3%=0.002
Elemental Base Standard = 0.002+0.067=0.069
2) To the elemental standard, adjusted for tool 

allowance, add standard allowance as follows 
(1) fatigue 4%
(2) personal needs 2%
(3) rest time 4%
(4) time tickets 1%

Example:   
fatigue(10%)

0.069×0.1=0.007                     (2)
personal needs(2%)
0.069×0.02=0.001                    (3)
rest time(4%)
0.069×0.04=0.003                    (4)
time tickets(1%)
0.069×0.01=0.001                    (5)

3) Standard time = element standard hour + 
fatigue allowance + personal allowance + rest 
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allowance + time tickets allowance 
= 0.069+0.007+0.001+0.003+0.001=0.081       (6)
Note: The same general procedure applies to assembly.

The summation of the foregoing represents the 
basis standard and is attainable at any unit, assuming  
all elements of the job have been included in the 
estimate [1].

C. The Main Features of SH
The features of SH include: 
1) Objective and high accuracy with sufficient  

basis.
2) Stable, not affected by the change of operation. 

And only need to amend changed time if operation is 
changed;

3) Determine SH of a task in advance, but not 
evaluate the operation speed and individual effort  
extent in operation measurement; 

4) Record operation methods in detail, and get the 
time for each element action. So, it can reasonable 
improve the operation.

5) Stopwatch is not necessary. Determine the SH 
time before the work starting and draw up a operation  
instruction;

6) The best way is to use PTS method to balance 
the production line;

The determination of SH should be a convincing  
process based on scientific analysis and judgment. It 
mainly  consists of set-up time, operating time and  
allowance time.

1) Set-up t ime refers to the preparing time  
consumed prior to operation. 
Set-up time = actual measured set-up time× evaluation  
coefficient

2) Operation time refers to the working time  
directly consumed in one task.
Operation time = actual measured operation time ×
evaluation coefficient

3) Allowance time can be divided to fatigue 
allowance and standard allowance:

(1) Fatigue allowance: 3~20%
in which, light 3~5% medium 6~10% heavy 11~15%
very heavy 16~20%

(2) Standard allowance:
in which, rest time 4% physical needs 2% record  

work card 2% clean 2% rework 1% [2]

D. The Main Application of Standard Hour
1) Evaluation for the operation method
(1) It can be used to evaluate and improve the 

current operation method, and further inspire the 
conception for improve operation.

(2) It emphasizes on evaluation the operation 
method beforehand. It can evaluate any operation 
method prior to the production though predetermined  
action time standard.

(3)It can evaluate the recommended tooling, 
fixtures, tool designs and equipments, all of which are 

the biggest reason for the change of operation method. 
Evaluate operation method is to evaluate these items.

(4) It can be the auxiliary  reference for the 
product design.

(5) It can train the operators to operate per new 
method, and evaluate the capability of the operators. 

2) It establishes the time standard
(1) It can determine the action time by  

predetermined action, and synthesize all of them will 
be operation time standard.

(2) Most time standard of actual operation action  
can be determined by elemental action t ime. Therefore, 
sort out all operation actions will quickly  form a time 
standard (IE usually uses fabricat ion/assembly time 
standard evaluation chart).

(3) It  can avoid the unnecessary loss due to the 
improper assessment conducted by non-proficient  
researcher.

(4) All predetermined time data is objective and  
easily and can be widely used. 

E. The Estimate of Standard Hour
There are types of methods to determinate SH. In  

different manufacturing pattern we can adopt different  
methods to evaluation various SH. These methods have 
their own advantages and disadvantages, and have their 
special application. Therefore, to determination of SH 
shall consider following factors :

1) For SH which have high precious requirement, 
it is better to choose the continuous observation 
method (also called stopwatch method), PTS method, 
and historical data method to determine SH.

2) As SH need to keep consistency and stability  
requirement, it is better to use indirect  method, because 
the direct method may affect the consistency of SH by  
the subject factor of observer. 

3) If the task happens in different site, normally, it  
will choose historic data method and analogy method 
to determine SH. 

4) For the long production cycle work, it is better
to choose work sampling  method and the continuous 
observation method (stopwatch method) combining  
with the work sampling method to determine SH.

5) For the short production cycle work, it is better 
to use PTS or video analysis method.

6) For the high repetitive production, it is better to  
use time standard or video analysis method.

7) For the low or seldom repetitive p roduction, it  
is better to use continuous observation method 
(stopwatch method), work sampling method and 
historic data method.

8) For the team work or other complex work,  
normally, it is better to use video analysis method and 
work sampling method.

F. The Evaluation of Standard Hour
According to the characteristics of Shanghai 

Aircraft Manufacturing Co. Ltd, we use the SH pattern 
to control the labor hour cost in  aircraft  fabrication and  
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assembly. The establishment  of SH is one of essential 
data which must be adopted in the application of IE. It  
is the time required for completing a job by a qualified  
and trained operator per regulated operation criterion in  
normal working speed under a certain assembly  
condition.

Also, the main basic data for evaluating standard 
time is actual working-hour, efficiency coefficient or 
improvement rate.
The formula is

n × evaluation coefficient ×
(1+allowance coefficient)                     (7)

First article working-hour= ST/1000 × target 
performance (%)                            (8)

= double index ×
hour- workingplanned
machine one ofhour  working    (9)

coefficient = SH / predetermined  
working-hour of each aircraft                 (10)

At present, SH are mainly div ided into two 
categories.

1) SH of Fabrication Outline (FO) 
The fabricat ion of an aircraft starts from the 

manufacture of a large number of parts and 
components. Each part shall have a FO, and IE must 
draw up the single working-hour and set-up time of 
each process in every FO. Then, the FO will be 
released to production control department. Under the 
normal circumstance, according to usual practice of 
foreign av iation industry, the SH of part fabrication  
will use the fabrication time of the 100th aircraft.

2) SH of Assembly Outline (AO) 
As well, the end of aircraft parts and components 

fabrication is means entering into the assembly stage. 
The primary task in assembly is to draw up an 
Assembly Outline (AO). After the AO drawn up by the 
planner, IE will determinate the SH of each AO, 
according to the working station and chart sequence. 
The SH of assembly will used the assembly t ime of the 
1000th aircraft. There are two ways to monitor the SH 
of assembly, one is working station status chart (125A), 
and the other is working station chart change request 
(CCR). 

In the fabrication process of advanced regional 
aircraft, the evaluation of compensation hour is very 
importation, because the aircraft includes not only 
many domestic manufactured products, but also many 
oversea purchased items, especial, the system parts are 
almost purchased from aboard. Therefore, the 
compensation for products is very important. If the 
products supplied by the supplier has quality problem 
or , it will claim for 
indemnity per provisions contract international 
convention. This work must be included in the 
procurement contract, and IE must following this kind  
of delivery status. Once it happens, IE shall evaluate 
and calculate the compensation hour from the aspects 
of working-hour postponed, and additional 
management hour, etc, and submit the data to the 

related department for communicat ion with the supplier, 
in order to achieve the target of reducing the 
procurement cost. 

III. DIFFERENCES BETWEEN STANDARD HOUR 
AND MAN-HOUR

The domestic enterprises, especial the large scale 
state-owned hi-tech enterprise (not include cooperative 
business, joint-venture, and foreign sole proprietorship) 
have many different with the developed countries and 
Japanese enterprises in the classification standard of 
working-hour. Though China has already reformed and 
opened to the outside over 30 years, and transferred 
from the planned economy to the market economy, in  
fact, the residual ideology of p lanned economy still 
leave in many domestic enterprises and have 
influenced the development of market economy. Just 
likes an o ld dead tree which has deep root but cannot 
sprout, these enterprises have advanced equipments, 
but their technical management is still lag behind. The 
serious conflict in the enterprises has been the 
evaluation of between the working-hour and 
production efficiency, which causes the unbalance 
situation between the input and output of products. The 
market economy emphasizes on standardization, 
regulation and normalizat ion. But domestic enterprises 
standard has the problem of disunity, and its 
application are lack of strong basis. From fo llowing  
chart we can see the comparison and different between 
China, western countries and Japan in working- hour
(Fig.1).

The Application of Standard Hour and Standard Time
First of all, there are essential d ifferences between 

standard hour and standard time in IE application. The 
premise to distinguish them is to clearly know the 
application concepts of standard time. But, the standard 
time method applied in many  domestic enterprises is 
just to add a certain allowance coefficient to the actual 
operation time, which just forms a unify  
standardization extent. The applicat ion of SH is to 
adopt predetermined t ime (call PTS method). Th is is to  
resolve the production operation into element actions 
firstly, next  to analyze and compare it with historic 
experience data collected before, and then to transfer 
the elemental action time (actual time) to  
predetermined working-hour, and finally use the 
performance coefficient to get the SH. The application  
of SH is suitable to large-scale, long lead t ime products, 
such as aerospace industry, shipbuilding industry, 
automobile industry and large-size equipment  
fabrication enterprises. The basic problem of SH 
application is to determine the performance coefficient. 
If there is only SH, and does not consider or neglect the 
performance coefficient, the SH will have no meanings 
in IE applicat ion. Therefore, perfo rmance coefficient is 
the ration between effective working-hour and actual 
working-hour, which is the necessary data in the 
application of IE in  production and can be used to 
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analyze the issues how to enhance the production 
capability and keep balance of labor. As well known, 
standard hour is the working-hour standard which is 

ideal value which cannot be randomly changed. But in  
actual production, it  is d ifficult  not to change it, so that 

labor, production lead time and etc, in order to keep the 
SH reasonable. And, once the performance coefficient  
is including in the SH, it will allow IE to continuously 
obverse and record the operator who repeats the 
operation for a certain job. And then, the IE can 
determinate the performance coefficient of one job  
even a whole ship-set of aircraft, after analyzing and 
comparing the historic status. At the same time, the 
performance coefficient can be used to analyze the 
reason which may affect the increase of the production 
efficiency and help to find the restrict reason which 
may  be technical issue or management problem. The 

performance coefficient can provide persuaded and 
scientific basis for the effective improving actions, 
which is the unique point in  the applicat ion of standard 
hour. In the manufacturing area of enterprises, the IE 
can combine the SH and learning curve and use the SH 
to control the whole production Takt -time. For 
aerospace industry, since 1990s, the IE has been 
implemented in the domestic production, and the 
application of SH has played an important role in the 
production cost reducing, efficient increasing and labor 
balancing in the batch fabricat ion of parts and assembly.  
And the SH can be used to predict  the milestone 
process in the target working-hour curve from the first 
batch of product to a certain batch of product which  
will achieve the line of balance, and also to predict the 
starting and finishing date of each working-station, 
forming waterfall plan chart. Moreover, the standard 
hour can be used to make up many kinds of chart, 
which is key point that every enterprise will attach
importance to. See Fig.2 and 3.

Fig.1. Comparison between China, westerns countries and Japan in working-hour

Fig.2. Learning Curve

Fig.3. Product delivery waterfall plan

390 S. Jiang



IV. THE BENEFIT OF SH APPLICATION

Since 1985, not only in  35 ship-set MD-82/90  
cooperation project, but also at present research 
ARJ700 advanced regional jet, SAMC has learned and 
introduced advanced management concepts from 
foreign enterprises, and proved through many practices 
that the enhance of market economy must rely on the 
application of IE. In  the aircraft fabrication  enterprises, 
it is necessary to relay on the SH when monitoring and 
guiding for production efficiency and cost.

1) To implement SH management method will let  
working-hour quota management become the effective 
method for the scientific factory management. The 
existing domestic time standard is disunity (such as 
Chinese standard, industry standard, military standard, 
and enterprise standard). But, foreign large-scale 
hi-tech enterprises fully implement SH evaluated by IE 
in the work shop, and combine the application o f SH, 
efficiency and improvement rate. The way using SH 
can become the main  scientific reference for checking  
production status, drawing up operation schedule and 
labor schedule, avoiding the external interference at 
same time.

2) If SH will be applied in the whole process from 
parts fabrication to assembly, it is not necessary to 
amend the work norm every year. Because once SH is 
determined, it will not be changed, otherwise, there are 
significant modification in planning. If SH is used, the 
conflict between the enterprise and workers caused for 
the change of work norm can be avoided 

3) IE can use learning curve method in schedule 
to supervise the whole production cycle. The method to 
estimate the performance coefficient per learning curve 
coefficient, and to evaluate the working-hour cost of 
products through SH will be an unify and scientific 
calculation fo rmulat ion for an enterprise in  new 
product development, contract negotiation, cost control 
and labor hour budget. Therefore, in the market  
economy, the standard hour is more suitable for the 
enterprise production.  

V. PROSPECTS

As well known, in the aircraft manufacturing, the 
evaluation of all working-hours is basis on SH not only  
for a large number of parts fabricat ion, but also the 
complex and trivial components and final assembly, 
even the painting and fly test, except the fabrication of 
tooling. It is the job of the IE p lanner to determine the 
SH of each step in FO/AO. Through 20 years hard  
work, SAMC has went through the brilliant  
achievement in the cooperation with  USA Douglas 
Aircraft Manufacturing Co in MD-82 and MD-90
projects. At present in ARJ-700 advanced regional jet 
and upcoming C919 truck liner program, IE is the 
supporting point for the whole aircraft manufacturing  
process, the consulter of working-hour evaluation and 
production plan supervision, and will be the guider of 

smooth production. Facts have proved that the 
achievements of the application of SH by IE cannot be 
ignored by anybody, because it stood the test of long 
term of time in actual application. For example, during  
the researching phase (2006-2008) of ARJ21, its SH 
underwent many times serious audits by the 
working-hour audit ing specialists group organized by  
the previous Aviation Industry Corporation of China, 
and the headquarter of Commercial Aircraft  
Corporation Ltd, and the final audit conclusion was the 
SH of each FO/AO in each working station of the 
whole aircraft was scientific and accurate. Looking to 
the future, the popularization and application of SH in  
domestic enterprises under current market society must 
bring a way for reducing production cost and 
increasing efficiency. 
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Comfort Analysis of Automobile Seats Based on 3D Human Models in 
SolidWorks
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Abstract - This article describes a virtual human model 

designed by software SolidWorks to test the comfort and 
ergonomic characteristics of automobile seats. More 
importantly, this study may evaluate different designs of 
automobile seats with ergonomic parameters. In the process, 
the author established 3D digital human models based on 
ergonomic shape characteristics. Secondly, the author used 
the human models to obtain the ergonomic shape comfort 
parameters of automobile seats. Finally, matching the seat 
with the human model to get the recommended comfort 
values. So it is available and useful to establish contact 
surfaces and contact points , to analyze seat surface 
morphology as well as to give the virtual test and evaluation 
if the automobile seat is comfortable or not.   

Keywords - Automobile seat, comfort analysis,
ergonomic shape, human models

I. INTRODUCTION

With the development of software technology, digital
human models become common in product design. These 
models help designers assess the effectiveness, comfort 
and safety of various products through human-computer
interaction (HCI). By  using SolidWorks software,
designers can use three-dimensional (3D) digital human
models to adjust the structure and geometry of automobile
seats. To obtain accurate seat size data, 3D body models
must accurately mimic the human sitting posture on the
automobile seat [1]. Therefore, the links, activities and
restrictions of each module must accord strictly with
parameters for ergonomics design. By matching models
in SolidWorks, design data can be drawn intuitively, and 
designers can adjust form and contours. This saves time 
in terms of experimental procedures and simplifies the
design process while retaining accuracy. Researchers can 
then visually evaluate seat design for comfort [2] [3].

II. ERGONOMICS HUMAN MODEL RESEARCH 
BASED ON AUTOMOBILE SEAT

A. 3D digital human models based on ergonomic shape
characteristics
In this study, we matched virtual human models to 

actual human forms for accuracy in simulat ion. Therefore, 
we set up multiple percentiles of the human model [4]. In 
addition, control d imensions of each part should be
limited in order to facilitate changes. A 3D digital human
model is mainly built with a loft entity, resulting in
pyramidal limbs, spherical articular, and back torso
modules following basic human body curve and scapula
salient points [5] [6].

Since SolidWorks is main ly used for mechanical

design, we simplified the model to resemble a machine
tool based on the skeletal form of the human body
skeleton. We divided the model into 15 parts: head, neck,
trunk, left upper arm, left former arm, left hand, right
upper arm, right former arm, right hand, left thigh, left
shank, left foot, right thigh, right shank and right foot.

In order to ergonomically  design the automobile seat
back, we added a torso module with the appropriate back
curve, including thoracic curvature, lumbar curvature,
cervical curvature and sacral vertebrae curvature.
Therefore, the assembly process followed natural 
parameters for human physiological bending.

B. Parametric design of 3D human model dimensions
The first step in the design process was to create a

model according to one percentile, and then modify the
dimensions continually with the configuration function.
The torso module was important to consider, since it p lays 
a key role in the model, with other parts connected to it.
Fig.1 shows the 3D digital human model [7] [8].

Fig.1. 3D digital human model

III. ERGONOMIC SHAPE OF AUTOMOBILE SEAT

Ergonomic design of automobile seats is dependent
on the sitting position of the human body. When the seat
shape curve fits the four physiological states of natural
bending, the user feels the most comfortable. A
comfortable automobile seat conform to the human body
can prevent driver fat igue as well as spinal damage and
disease from incorrect posture, along with improving
comfort. Automobile seat ergonomics mainly refers to
form and size related to the human body parameters, such
as the seat surface profile, the basic point of angle, height
and other data. The surface contour determines the
ergonomic surface of the human body, and the size of the
surface is an important index that affects comfort. In body
pressure distribution and electrical experiments, changing
surface morphology, yields important data [9] [10].
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A. Module characteristics of automobile seat ergonomic
shape
Automobile seat ergonomics related to shape mainly

focus on the appearance of the car seat, such as the size
and height of the headrest, the size of the backrest, the
position of waist, the design of cushions and the whole
angle adjustment [11].Therefore, according to ergonomic
shape, seats can be divided into the headrest, backrest and
cushion sections. The backrest includes the shoulder rest
and the waist area. Automobile seat design involves the
shape of ergonomics form, along with adjusting
parameters based on the above five modules [12]. For
example: for a percentile, first the fixed H-point is 
selected with the angle of the backrest for the torso and
thigh at 95° to 115°; The width of the backrest should
wrap in the shoulder on both sides and support shoulders. 
The location of the waist should be at the second and third
lumbar vertebra. The depth of the cushion should satisfy
the premise of not pressing the popliteal area. Therefore,
automobile seat design aligns seat shape to human body
size by optimizing the envelope and curved surface,
improving the waist height adjustment, adjusting the size
of shoulder rest, changing the cushion surface, etc.
[13][14][15].

B. Ergonomic shape comfort parameters of automobile
seats
Automobile seats have direct contact with the human

body. Therefore, automobile seat comfort is considered as
one of the most important parts of automobile design of 
the seat contributes not only to the aesthetics and ride of 
the vehicle, but is also related to comfort and safety. The
most important role of automobile seat is to support
drivers and passengers bodies ease and comfort in 
vehicle operation.

TABLE I
COMFORT PARAMETERS OF AUTOMOBILE SEAT 

ERGONOMICS FORM

Comfort
index

of
automobile

seat
Ergonomics

form

Headrest
Contour morphological parameters

Height
Angle

Backrest
Contour morphological parameters

Angle
Shoulder support

Lumbar Support Height
Contour morphological parameters

Cushion Depth
Contour morphological parameters

According to the above-mentioned ergonomics shape
module, the parameters related to automobile seat comfort
can be divided into the following aspects: contour
morphological parameters, angle, height and depth. The 
headrest, backrest and cushion involve these parameters,
are closely related to seat comfort and ergonomic shape.
According to these parameters, the comfort parameters of
automobile seats ergonomic shape can be obtained, as 
shown in the Table I. Size and contour data on automobile
seats that meet the targets can be obtained through 
experiments. This yields overall design size data of
automobile seats and the extent to which they meet
drivers sitting comfort requirements [16].

IV. COMFORT ANALYZIS OF AUTOMOBILE SEATS
BASED ON 3D DIGITAL HUMAN MODELS

A. Research on comfort with 3D digital human models
matched with automobile seat: Using contour and
seat backrest angle as an example
Morphology and geometry of car seats determine the

sitting posture according to drivers sitting comfort.
Researchers analyze and evaluate seat comfort according 
to these factors. Fig.2 shows the recommended comfort 
values for humans in a seated position.

Fig.2. Recommended comfort values of seated human body
SolidWorks software can be used to establish a 3D

model of the human body and car seat. With the
SolidWorks assembly environment, the designer can
match the human model to the car seat to obtain the 
sitting posture and the angles of sitting comfort fo r
analysis. On the basis of existing research on domestic
vehicles, backrest lumbar support must coincide with
human lumbar curvature and provide support. As shown
in Fig.3, by matching the human model to the car seat, we
can determine whether the lumbar support fits the human
body. As shown in Fig.4, we can ad just the model view to
evaluate consistency and shoulder support.

Fig.3. Lumbar support view

Fig.4. Shoulder support view

B. Exporting the size of the automobile seat model and
the human model
Since each part of the 3D human model has its own 

data axis, when a human model is sitting, certain angles,
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heights and widths lie in the datum axis between the
limbs. Therefore, in the SolidWorks assembly
environment, we need to apply only the "Dimension"
function to display the size comment. As shown in Fig.5,
sequentially adding and HZ parameters in the
SolidWorks yields the joint angles of sitting comfort.
Accordingly, SolidWorks can be used effectively in 
determining the export manufacturing dimensions of
automobile seats [2].

Fig.5.Size of automobile seat models and human models

V. CONCLUSIONS

This study explored the virtual dimension matching
for virtual human models and 3D models of automobile
seats is dong based on SolidWorks software. We verified 
several parameters of the automobile seat comfort index,
and obtained a set of effective size recommendations for 
the ergonomic shape of automobile seats . This work 
provides an effective 3D model method for the research
of automobile seat comfort. It also provides a reliab le
basis for comfort evaluation. 3D models for body posture
simulation matching methods offer effective ways to 
design automobile seat and the perform comfort
evaluations. Other parameters such as percentile body
dimensions can be modeled for comfort analysis of
automobile seats according to different scales of the 
human body. This is a t ime and cost-effective way to 
improve design, comfort and safety of automobile seats, 
meet ing the comfort requirements according to various 
stakeholders.
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Abstract - A new optimization procedure is established to 
design the campus bus system. The bus stops, route of bus 
and bus frequency are determined at the same time. The 
problem is formulated as a multiple objective programming
problem by considering the benefits of both the bus 
company and passenger. The variation of origin-destination 
(OD) is taken into account. In order to solve this novel 
optimization problem, a hybrid two-stage heuristic 
algorithm is designed which is based on particle swarm 
optimization and ant colony optimization. Numerical 
experiments are conducted. The results show the 
effectiveness of the algorithm and optimization procedure. It 
is reasonably believed that the model has potential 
applicability in real bus system design.

Keywords - Ant colony optimization, bus frequency 
optimization, bus stops selection, campus bus service design, 
particle swarm optimization

I. INTRODUCTION

Campus bus is the bus that only moves in the campus 
to provide convenience for students and teachers. It has 
become one of the most important means of 
transportation in a school these years. The campus bus 
system is concerned with different interests including the 
bus company and passengers. There is limited research on 
campus bus. The optimizat ion of bus system consists of 
several small sub-problems, which attract a great  deal o f 
attention in the past several decades.

According to the decomposition of Park et al. [1], the 
optimization of bus system includes the following main 
sub-problems: bus stop selection, bus route generation, 
route scheduling (bus frequency). Regarding the bus stop 
section, bus stops are determined by using a combination 
of a set covering algorithm and a traveling salesman 
problem algorithm [2]. An integer programming model 
was proposed to determine the set of bus stops to 
minimize the total distance travelled by all buses [3]. A
bi-level optimization model for locating bus stops is 
designed to min imize the social cost of the overall 
transport system[4]. 

For the purpose of bus routing design, a mult iple 
school buses routing problem is considered and heuristic 
approaches are proposed [5]. A simulation optimization 
method is given for Campus Bus Routing, which allows 
the vehicle divert from its current destination [6]. An
optimization system that synthesizes aspects of previous 
approaches into a scalable, flexib le, intelligent agent 
architecture is p resented [7]. For the review of school bus 
routing problem, see the work of Park et al. [1].

To schedule a bus route, genetic algorithm is 
designed for bus frequency optimizat ion [8, 9]. On 
account of route optimization of bus dispatching, genetic 

ant algorithm (GAA) is used for solution of bus 
scheduling [10]. In  order to improve the service level o f 
urban public transportation and the efficiency of the 
vehicles resources, a new multi-objective synthesis 
optimization scheduling model is set up [11]. Time-space 
network based approach is applied to solve regional bus 
scheduling planning problem [12, 13]. Multi vehicle types
are taken into account in bus schedule in [14]. Works 
about school bus schedule problem can be referred to 
[15-17].

Most studies mentioned above focus on urban bus 
and school bus. There is limited research about 
optimization of campus bus system. The main differences 
between campus bus and others are as follows:

(1) Student trips are quite different among different 
dates. For example, OD trips from dormitory and teaching
building reduces a lot in holidays. However, researches 
above are conducted in a deterministic environment with 
a set OD trips. The variation of OD trips is not considered.
In campus, people with similar travel habits are naturally
gathered, and the OD trips are simpler than in urban 
transportation system and can be obtained easily. It offers 
a convenience to change the bus schedule in various 
situations.

(2) OD trips can changes suddenly because of 
some events such as club activit ies. The sudden change is 
not considered in past studies. Since the number of bus 
lines in  campus is small, it is possible to adjust the 
schedule.

This paper aims to fill these gaps. In addition, most 
studies regard the bus stop section, bus route and bus 
schedule as three independent problems. For instance, 
when solving the bus routing problem, the bus stops are 
usually given. Nonetheless, to attain the objective of 
minimum cost or maximum benefits, the solutions of 
three problems are associated with each other, and should 
not be considered separately. Our study attempts to 
propose a new procedure to optimize the campus bus 
system. Bus stops, bus routes and bus frequency are 
determined at the same time. 

The rest of this paper is organized as follows. In 
section 2, a description of the problem is given and the 
problem is formulated as a multip le objective
programming problem by  considering the benefits of the 
bus company and passenger. The variation of 
origin-destination (OD) is taken  into account. In section 3, 
a hybrid two-stage heuristic algorithm is designed which 
is based on particle swarm optimizat ion and ant colony 
optimization. In section 4, case study is conducted in a 
simulated network to demonstrate the effectiveness of 
proposed model and algorithm. Sect ion 5 concludes and 
summarizes the main outcomes in this paper.
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II. THE OPTIMIZATION OF CAMPUS BUS SYSTEM

A. Problem description
As mentioned in  section 1, the optimization o f bus 

system consists of bus stop selection, bus routing design
and bus frequency design. In order to solve these
problems at the same time, there are three kinds of 
decision variables. The first one is the location of bus stop, 
the second one is the route of bus, the third one is the bus 
frequency. Since the OD trips in campus are relat ively 
simple, only one bus line is needed in most cases and the 
direction of bus is single. Therefore, the route of bus is 
determined when the bus stops are given. The problem is 
simplified to determine the bus stops and bus frequency. 
The bus system should make both bus company and
passenger satisfactory. The objective is set to min imize 
the total cost.

We assume the time-sliced OD trips. For each t ime 
interval of a day and each link, OD demand is assumed to 
be stable from a long term perspective. To  reflect the 
variation of OD trips on different dates, various OD 
situations are all considered in the objective function. In 
our study, arrival rate is used as the reflection of OD trips. 
The costs of bus stops on different nodes are same.

B. Mathematical formulation
The model is considered on a fully connected and 

directed graph denoted by G (N; A) where N is the set of 
nodes corresponding to road intersections and A is the set 
of links corresponding to connections between pairs of 
intersections. The nodes in the network are the candidate 
bus stops. Whole time horizon was partitioned into T
time intervals. k , j  is the arrival rate of on stop j at time 

interval k. The arrival rate is priori information. cb  is 
the setup cost of bus stops. df  is the departure fee of a 

bus. Q is the number of different OD situations. ,k qt  is 
the departure interval in time interval k on the q-th 
situation.  

For the perspective of bus company, the object ive is 
to minimize the cost which should consider the departure 
fees of bus and the setup cost of bus stops. The arrival 
rate is assumed to be subjected to uniform distribution.
The objective function is shown in

,

1 1 ,

min
Q T

q k q

j J q k k q

w T
cb df

t
      (1)

where J is the set of bus stops, qw is the weight of the 

OD situation q , ,k qT is the length in t ime interval k on 
the q-th situation.

Regarding the benefits of passengers, the cost of 
wait ing and the penalty of passengers missing a bus 
should be considered. As the arrival rate is subjected to
uniform distribution, the arrival passengers in a departure 
interval is , ,k j k qt and the average waiting time is 

,

2
k qt

. Therefore, the cost of waiting is 
2

, ,

2
k j k qt

. The 

objective function is shown in 
2

, ,
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1 1 1 1 (N J)

*
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2

Q QT T
q k j k q

q k j k q
q k j J q k l

w t
pc w T (1)

where 
1

and 
2

are the weight parameter that control 
the effect of the two aspects , pc is the penalty cost 
parameter.

In terms of above description, the total cost is
formulated based on aforementioned 2 aspects as follows:

,

1 1 ,

2

, ,

1 2 , ,
1 1 1 1 (N J)

min ( )

*
( * )

2

Q T
q k q

j J q k k q

Q QT T
q k j k q

q k j k q
q k j J q k l

w T
cb df

t

w t
pc w T

(2)

where and are the weight parameter that control 
the effect of bus company and passenger.

The constraint is shown in

min , max , q Qk qt t t k T (3)

III. HYBRID TWO-STAGE HEURISTIC ALGORITHM

The bus system optimization problem is NP hard 
problem. A hybrid two-stage heuristic algorithm is 
proposed to solve it. Proposed model asks for 
computation of both bus stop location and bus frequency.
Ant colony optimization (ACO) is a prob lem solving 
technique inspired by the behavior of ants in finding paths 
from the nest to food first proposed by Dorigo et al. [18]
in 1996. ACO performs very well at finding optimal o r 
near-optimal locations. However ant colony algorithm is 
not suitable for solving continuous problem which refers 
to bus frequency decision making in our model. Particle 
swarm optimization  orig inally introduced by Kennedy et 
al. [19], on the contrary, is a population-based stochastic 
approach that is suitable for solving continuous
optimization problems. A hybrid algorithm that combined 
ant colony algorithm and particle swarm optimization is 
designed to solve our problem. The set of bus stops is 
determined by ant colony algorithm. Particle swarm 
optimization is applied to figure out optimal bus 
frequency on given bus stop location. Fitness function 
value is returned to ant colony algorithm for updating
pheromone and next round iteration.

A. Generation of bus stop location
An individual ant simulates a solution of bus stop

location, which is denoted by a vector. Each element in 
the vector is a node ID that means there is a bus stop on 
the node. The vector is constructed by incrementally 
selecting candidate node from the list of nodes that are 
allowed to choose until the candidate node only includes 
the destination depot. The first bus stop is set on the 
origin  depot. In the constructing procedure of an ant, a 
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node is deleted from the list once selected. The state 
transition rule in (5) is used to give the probability with 
which the ants decide to choose.

0

0

arg max
=

md m
m allowedlist

h h
S

s h h
       (4)

where S is the next chosen node which is determined 
by right hand side of (4). allowedlist is the candidate 
node set that ants can choose for next  bus stop location.
d is the number of iteration. Two factors , are the 
pheromone and visibility respectively. and are 
the relative influence of the pheromone and visibility. h
is a random variab le between 0 and 1.

0h is a

predetermined parameter(
00 1q ). s is determined 

by a probability P which is fu rther decided by 
following:

m

*

*

0

sd s

md m
allowedlist

s allowedlist
P

otherwise

    (5)

After all the solutions are generated, the solutions are 
transfer to PSO to calcu late the optimal bus frequency of 
given bus stop location. 

B. Generation of optimal bus frequency
The optimal bus frequency is determined by PSO. 

The solution is the set of , (k T, q Q)k qt . Part icle 
moves toward to optimum in terms of velocity and
position. Bus frequency should not exceed a predefined 
maximum and minimum value as mentioned in (3). It  is 
guaranteed by (8).
and position are updated in terms of following equations: 

, , 1 1 , 1 , 1

2 , 1 , 1

() * (pbest )

() * (lbest )
i d i d i d i d

i d i d

v Zv C rand busstop

C rand busstop
(6)

, 1 , min , 1 , max

, min , 1 , min

max , 1 , max

,

= ,

,

i d i d i d i d

i d i d i d

i d i d

busstop v t busstop v t

busstop t busstop v t

t busstop v t
(7)

where d represents the d-th generation for PSO algorithm.

, 1pbest i d is the personal optimal solution found by i-th

particle among its own historical solutions and , 1lbest i d

is the local optimal solution. ,i dv is the velocity of i-th 

particle of d-th generation. 1C and 2C are positive
constants.

After the number o f iterations is reached, the 
objective function value is calculated in terms of (2) used 
the bus stop location generated by ACO and the optimal 
bus frequency generated by PSO. The objective function 

value is returned to ACO to update the pheromone and 
start the next iteration of ACO.

C. Update of pheromone
The procedure of update pheromone is as follows.

First, pheromone updating is conducted by reducing the 
amount of pheromone on all nodes in order to simulate 
the natural evaporation of the pheromone and to avoid 
premature convergence. Pheromone is evaporated 
according to following rule:

1

1 *d d

m m
                (8)

where 
1

is a parameter controlling  pheromone 
evaporation.

Then, the best solution is employed to update 
pheromone as (10) on nodes in the solution vector.

1 +1

2 * + *fd d

m m best            (9)

where 
2

and are predetermined parameters, fbest

is the best solution value among the d-th generation 
solutions. After the update of pheromone is done, an 
iteration of ACO is completed. As shown in Fig.1, ant 
colony algorithm builds bus stop solutions in every 
iteration. PSO aims  to generate the optimal bus frequency 
solution of the given bus stop solutions.

Fig.1. The procedure of Hybrid two-stage heuristic algorithm based on
PSO and ACO

IV. CASE STUDY

The bus system optimization problem is tested on the 
following simulated campus transportation network
shown in Fig.2. There are 16 nodes which represent the 
candidate bus stops on this network. Numbers on the 
nodes are the nodes IDs. Node 1 is the origin  depot and 
node 16 is the destination depot. The proposed hybrid 
two-stage heuristic algorithm is employed to solve this 
problem. Time horizon of each OD situation is partit ioned
into 12 t ime intervals. Durat ion of each time interval is 1
hour. Time horizon is from 7 am to 19 pm. Two kinds of 
OD situations are applied to reflect the variation of OD 
trips: one is weekday denoted by 1q . The other is 
weekend denoted by 2q . The weight of them is 

1 =5w and 2 =2w respectively. mint is 3 minutes, and 
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maxt is 60 minutes. The arrival rate is assumed to be 
known. In our implementation, each component (bus 
company and passenger) in the objective function is
standardized. Therefore, the maximum value fo r each 
component is 1 and the total maximum value of objective 
function is 2.

Fig.2. Simulated campus network

TABLE I
PARAMETER SETTING OF ACO

Parameter Description Value

antD Number of ACO iterations 50

aN Number of ants 15
Influence strength of pheromone 1
Influence strength of visibility 1

TABLE II
PARAMETER SETTING OF PSO

Parameter Description Value

psoD Number of ACO iterations 1000

pN Number of particles 20
l Number of neighborhood 3

1C Weight of pbest 1

2C Weight of lbest 1

0v The initial velocity 1.29169
Z Inertia parameter Ranging from 0.9 to 0.5

The parameters used in the algorithm are shown in 

Table I. Parameters of 
1C ,

2C and 0v in Tab le II are 

optimized by genetic algorithm. The nu mber of iterations 
is set in terms of 

Fig.3.

A. Solve the sub-problems at same time
In this section, experiments are conducted to 

demonstrate the efficiency of solving bus stops selection, 
bus routing design and bus frequency design at the same 
time. Two experiments are done in the simulated campus 
network.

First, the problem is solved by model proposed in this 
paper. Same bus frequency is used for weekdays and 
weekends. The solution of bus stops location is [1 5 6 14 
15 16] and bus frequencies of all time intervals are shown 
in Table III. The objective function value is 0.885.

Then, we apply the traditional way to determine the 
bus frequency for comparison. The locations of bus stops 
are assumed to be known. Same number of bus stops with 
previous experiment is chosen to guarantee the cost of bus 
stops is the same. The bus stops are determined to set up 
on nodes [1 4 7 13 15 16] based on the value of arrival 
rate. Same object ive function (2) is applied to optimize
the bus frequency of the given bus stop location. The total 
cost is 1.045, which is much higher than which of the 
previous experiment. The necessity of solving bus stops 
selection, bus routing design and bus frequency design at 
the same time is demonstrated.

TABLE III
BUS FREQUENCY

Time Interval Departure Interval (minute)
7-8 8.6
8-9 8

9-10 8.2
10-11 8.2
11-12 7.9
12-13 8.7
13-14 8.4
14-15 8.5
15-16 8.3
16-17 8.6
17-18 3
18-19 8.7

Fig.3. The ACO iterations
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B. Use different bus frequency
In campus, OD trips are quite different on weekdays and 
weekends. In section 4.1, same bus frequency is used on 
the two different situations. As the number of bus line is 

small, it is totally possible to apply different bus 
frequency in different OD situations. In this section, two 
different bus frequencies are obtained by the model. The 

length of PSO solution vector is doubled. First 12 
elements are the bus frequency for weekdays and the 
other elements are for weekends. The solution of bus 

stops location is [1 2 6 14 15 16] and bus frequencies of 
all time intervals are shown in Table IV

TABLE IV. The adjustment of bus frequency is in Table 
V. The bus stop on node 5 is replaced by the bus stop on 
node 2 in this case.

It is noted that the solution of bus stops is different 
from section 4. It further illustrates that bus stops, bus 
routes and bus frequency have impacts on each other. The 
bus frequency for weekends is different from bus 
frequency for weekdays. The total cost is 0.87, which is 
smaller than 0.885. Applying different bus frequencies for 
various OD situations results in the reduction of total cost.

TABLE IV
DIFFERNET BUS FREQUENCY

Time 
Interval

Departure Interval for 
Weekdays(minute)

Departure Interval for 
Weekends(minute)

7-8 8.1 7.3
8-9 8.1 3.7

9-10 8 7.9
10-11 7.7 8
11-12 7.4 11
12-13 6.6 7.5
13-14 8.1 10.8
14-15 9.6 8.1
15-16 7.4 7.4
16-17 8 5.7
17-18 8.7 7.3
18-19 8.4 7.3

TABLE V
ADJUSTMENT OF BUS FREQUENCY

Time Interval Departure Interval (minute)
7-8 7.3
8-9 3.9

9-10 7.5
10-11 8.5
11-12 12
12-13 7.2
13-14 10.5
14-15 3
15-16 7.5
16-17 6
17-18 3
18-19 7

V. CONCLUSION

The optimizat ion of bus system will reduce the cost 
of the bus company and offer more convenience for 
passengers. This problem consists of three sub-problems: 
bus stop selection, bus route design and bus frequency 
design. Most studies focus on one of the sub-problem and 
ignore the connection among them. Campus bus system is 

in a quite different situation from urban bus system. In 
campus, passengers travel habit  is similar to each  other. 
Only one bus line is used in this paper. Therefore, bus 
stop section and bus route become the same problem. 
When the bus stops are set, the route of the bus is 
determined. The optimization problem asks for computing 
for both bus stops and bus frequency. Model is formulated 
with a multip le objective to satisfy both bus company and 
student passengers. Since the variation of OD in campus 
can be obtained, different OD situation is applied in the 
model.

Two decision variables are supposed to be determined 
at the same time. ACO performs very good at finding
optimal or near-optimal locations. However ant co lony 
algorithm is not suitable for solving continuous problem 
which refers to bus frequency decision making in our 
model. Part icle swarm optimization is suitable fo r solving 
continuous optimization problems. A hybrid algorithm 
that combined ant colony algorithm and part icle swarm 
optimization is designed to solve our problem. The set of 
bus stops is determined by ant colony algorithm. Particle 
swarm optimization is applied to figure out optimal bus 
frequency on given bus stop location. Fitness function 
value is returned to ant colony algorithm for updating
pheromone and next round iteration. The algorithm 
performs good in case study.

In the numerical experiments, the proposed 
algorithm s advantage of solving the three sub-problems 
together is demonstrated. Two different OD 
situations-weekday and weekend are applied in the model. 
The usage of different bus frequency for different OD 
situations results in a reduction of total cost. In addition, a
sudden OD increase is simulated on one node, the 
adjustment of bus frequency is demonstrated simple and 
effective.

It is reasonably believed that the model has potential 
applicability in real bus system design. In further research 
it is recommended to apply multiple bus lines in the 
model and apply the model in real network.
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1Abstract - A new approach to detect out-of-control 

status of air quality effectively was introduced in this paper. 
A useful identification method of an exponentially weight 
moving average (EWMA) monitoring model was built, 
based on analyzing the statistical characterization of NOx of 
air quality parameters, with the relationship among the 
parameter of control limit, the smoothing coefficient, and 
the average run length of the EWMA control chart discussed. 
The NOx concentration data from January 1st to September 
30th in 2012 were used and an illustration of environmental 
monitoring was given to demonstrate how to draw a chart. 
The results show that with the new approach the abnormal 
state of air quality could be detected earlier when the 
process mean had a smaller offset. 

Keywords - Air quality, EWMA control chart, statistical 
process control 

I. INTRODUCTION 

According to the characteristics of administrative 
divisions and functional area, combined with the 
accessibility of monitoring points, the corresponding air 
automatic monitoring points are set to monitor the 
parameters of air quality. Sulfur dioxide, nitrogen dioxide, 
carbon monoxide and inhalable particles, which are 
monitored every day throughout a year of 365 days or 
366 days[1], are the targets in the monitoring program. The 
common methods for monitoring sulfur dioxide are: 
formaldehyde absorbing-pay rose aniline hydrochloride, 
spectrophotometry, pulse fluorescence; formaldehyde 
absorbing pararosaniline hydrochloride, pulse 
fluorescence spetrophotometry are for monitoring 
nitrogen dioxide; gas filter correlation method is for 
monitoring carbon monoxide; and weight method and 
ray method are for monitoring inhalable particles. The 
routine indexes from the monitoring data with both the 
fixed threshold alarm valve and the changeable alarm 
valve are worked out to identify the abnormity of air 
quality and an alarm is made [2]. But the data from the 
equipment for air automatic monitoring are not plentiful 
so that the threshold setting is not accurate and the air 
quality forecast is not accurate, either, and the error alarm 
may occur. It is very significant to how to increase the 
prediction accuracy of air quality from the small sample 
data, similar to that from the large sample data. 

SPC (statistical process control) is a process control 
tool by dint of a mathematical statistics method [3]. By 
analysis of the production process, signs of systematic 
factors are detected according to the feedback and some 
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measures are taken to eliminate their influence to keep the 
process in control with nothing but random factors. A 
control chart, one of the most important tools in SPC, is 
used to detect whether the production process is in control. 
When the process variation is caused only by accident, 
the process is in statistical control. Otherwise, the process 
is out of control, then the possible reasons needs to be 
identified and be eliminated. 

SPC has found good application in accurate control 
of the production process with the small sample data [4~5],
especially in mechanical manufacturing process quality 
control. In addition, good results have been achieved in 
drug testing [6], the company's financial crisis [7],
cosmetics [8] and food quality control [9]. Air monitoring 
and monitoring process of mechanical processing have 
generality, and the samples of air quality parameters 
present normal distribution, and air quality parameters 
meet the application conditions of EWMA (exponentially 
weighted moving average) control chart, so SPC is 
prospective in air quality monitoring. In this paper, some 
study is done with the NOx concentration data from 
January 1st to September 30th in 2012. 

II. ANALYSIS OF PARAMETERS OF THE AIR 
QUALITY OF THE ENVIRONMENT 

With the EWMA control chart to monitor the air 
quality parameters, the parameters must meet the 
modeling requirements of EWMA control chart. Taking 
the daily concentration data of NOx at a monitoring site 
in 2012 as an example, the characteristics of the sample 
parameters are analyzed to test whether SPC can be used 
for real-time monitoring. As the NOx histogram shown in 
Fig.1, the distribution is similar to a bell shaped curve 
with 0.045 as a symmetry center. In order to accurately 
determine whether the daily concentration data of NOx 
presents the normal distribution, the probability of NOx is 
mapped in Fig.2. The daily concentration data of NOx is 
almost a straight line, which proves that normal 
distribution and NOx concentration are fitting. So it is 
assumed that air quality parameters present normal 
distribution. 

Further data fitting must be done about probability 
density function of normal distribution of NOx data from 
January 1st to September 30th, as shown in Fig.3. Fig.3 
shows that the air quality parameters of NOx present 
normal distribution, so SPC can be used for monitoring 
modeling of air quality parameters. 

21st International Conference on Industrial Engineering and Engineering Management 2014 (IEEM 2014)

E. Qi et al. (eds.), Proceedings of the 21st International Conference on Industrial Engineering
and Engineering Management 2014, Proceedings of the International Conference on Industrial Engineering
and Engineering Management, DOI 10.2991/978-94-6239-102-4_ © Atlantis Press and the authors 201581,

403



Fig.1. The concentration of NOx histogram 

Fig.2. The concentration of NOx probability graph 

Fig.3. NOx probability density function 

III. EWMA AIR QUALITY MODELING 

A. Statistical process control 
Generally statistical process control (SPC) functions 

by means of a control chart. The control limit of a control 
chart is used to distinguish the accidental fluctuation and 
abnormal fluctuation. Such control charts are common as 
Shewhart control chart, exponentially weighted moving 
average (EWMA) control chart, and cumulative sum 
(Cusum) control chart, etc. Shewhart control chart is 
efficient to distinguish the accidental factors and 
abnormal factors. It hits home that with the analysis of air 
quality parameters, parameters present normal 
distribution, with the small mean deviation of the process, 
while the EWMA control chart is sensitive to small shifts 
in the process [10]. So it is a good choice to apply the 
EWMA control chart to the concentration data of NOx for 

monitoring. 

B. EWMA control chart 
Let the sample sequence of NOx air quality 

parameters is
tX , and tX  is an independent random 

variable sequence, namely, 2,~ Ntt NX , t

represents that the desired value of sample sequence 
shifts along with time variation. tZ  is the EWMA 
statistic at time t , then  

1)1( ttt ZXZ              (1) 

tZ  is the state value at time t, and  is the smooth 

coefficient or weight factor, and 10 ,

00 XEZ . tZ  is all the data in the form of 

weighted average, and replace 1-tZ on the right side in 
the equation (1) repeatedly, then  
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Through the equation (3) an EWMA statistic 
variance is got: 
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When  is close to 1, the weight of the current 
value in EWMA increases, the weight of former value in 
EWMA decreases. When =1, the EWMA control chart 

turns into individual X control chart. Thus the control 
limit of EWMA control charts is: 

t
xLUCL 2

t )1(1)
2

(        (5) 

t
xLLCL 2

t )1(1)
2

(        (6) 

Among them, L is the control limit parameter, the 
control limit of EWMA control chart is wider with the 
increasing of t, and is close to a stable value. At this time, 
the control limits can be expressed as follows:   

2t xLUCL            (7) 

2t xLLCL           (8) 

Noted for the smaller t, the equation (5) and (6) are 
used to determine the upper and lower control limits of 
the EWMA control chart. 

C. Estimation of EWMA control chart parameters 
Offset , control limit parameter L, and smoothing 

coefficient , are subjective to air parameter fluctuations. 
The operators or experts should know such factors as the 
accuracy of the air parameters fluctuation, monitoring 
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capability, and weather conditions in the parameter 
collecting and then with the help of experts’ knowledge, 
experience and judgment the evaluation can be done. The 
more accurate the values are the better to the modeling as 
well as monitoring of air quality [11~12]. Generally, the 
principle of selecting the smoothing parameters  is to 
minimum errors between the predicted values and actual 
ones, namely, with a minimum square error. 

 In theory, simple selection can be done with 
heuristics. When the statistics fluctuate slightly,  is 
from 0.1 to 0.3 to increase the original forecast weight; if 
statistics are volatile,  is from 0.6 to 0.8 to increase 
the weight of new forecast. In order to have a good 
evaluation, several different values of  can be used to 
compare [13]. Besides, simple selection can be done with 
the maximum ARL0 and the minimum square error. 
Usually, when the parameters of the EWMA control chart 
are 7.21.0 L , the EWMA control chart and the 
CUSUM control chart function similarly [14]. Or when 

32.0 L , it also functions well [15].

D. Performance evaluation of control chart 
Usually ARL (ARL0 and ARL1) is an important 

index of evaluating the performance of control charts. It 
refers to the mathematical expectation of sampling times 
from being out of control to sending off out-of-control 
signals in the control chart [16]. For a statistical process 
control chart, when the process is in control (offset 

0 ), the control chart has a bigger ARL0; while the 
process is out of control (offset 0 ), the control chart 
has a smaller ARL1.

IV. ANALYSIS OF NOx EWMA CONTROL CHART  

In the air there are such nitrogen oxides as nitrous 
oxide, nitric oxide, nitrogen dioxide, nitrogen trioxide, the 
large percentage of which is nitric oxide and nitrogen 
oxide, with nitrogen oxide (NOx) denoted. The 
percentage of NOx in the air is one of the key parameters 
affecting air quality parameters, and also an important 
index of air quality. Meanwhile, the percentage of NOx in 
the air can show how the air pollution is. NOx also 
stimulate human respiratory organs, which is one cause 
leading to more and more respiratory diseases such as 
bronchial asthma. Nitrogen and oxygen compounds in the 
air can be induced to have photochemical reactions with 
organic compounds, producing the photochemical smog, 
and nitric acid and nitrate come into being, harming water 
and soil in the form of rainfall. Therefore, it is very 
significant to analyze and monitor air quality parameters 
of NOx. 

In this paper a dynamic quality control method of 
EWMA control chart is used to monitor the NOx 
concentration data. The data brought at the same site form 
a sample, with their mean values of reflecting the change 
of NOx. Therefore, it is believed that there is no setting 
error in the data acquisition process, namely, the mean 
target value of 0.04392, and the standard deviation of 

01653.0 . With experiences, let L=3, 2.0 , then  

1tt )1(2.0 tZXZ

t

tUCL

2)2.01(1)
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2)2.01(1)
2.02
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The dynamic quality monitoring on air quality 
parameters of NOx is shown in Fig.4, telling that the 
process is out of control. In the out-of-control chart, there 
are some data presenting continuous upward or 
downward trend before they are beyond the upper or the 
lower control limit, which proves the process is out of 
control, with a warn given, indicating that the air quality 
parameters are abnormal, so there should be more 
concerns. 

Fig.4. EWMA control chart of NOx 
With further investigation and discussion with the 

environmental protection bureau, over NOx concentration 
is mainly caused by the followings: firstly, industrial 
production emissions; secondly, transportation, especially 
of which the vehicle exhaust emissions consist of such 
substances as carbon monoxide, sulfur monoxide, 
nitrogen oxide etc., harmful to human health, and causing 
serious air pollution; thirdly, cooking stoves and heating 
boilers. In winter, a large number of NOx produced by 
residential heating are emitted into the air, and in the 
meanwhile, the atmosphere has poor oxidation 
performance, so nitrogen oxide pollution is more and 
more serious. 

V. SUMMARY 

Human life and development is closely related to the 
air quality and ecological system. In order to protect the 
atmospheric environment and make sure of harmonious 
coexistence between human and nature, monitoring and 
forecasting the trend of air quality timely and accurately 
is an important project to be solved. A large number of 
data samples are required in monitoring air quality 
parameters. However, with poor monitoring instruments 
and economic conditions of monitoring, it is difficult to 
achieve the desired sample size. In this paper, with SPC 
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of various and small-sized data, a dynamic statistical 
model of air quality parameters is built to monitor air 
quality parameters. The new approach proves feasible and 
prospective with practical cases.  
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Abstract - Under the competitive environment of 
electricity market, electricity customers will have more 
options and power grid companies will face more and more 
intense market competition. This paper studies the utility 
produced by customer value and customer credit to grid 
enterprises with the improved analytic hierarchy method 
and the combination of fuzzy multiple attribute decision 
making method. Power big customer credit evaluation model 
is established. The customer relationship from power supply 
enterprises in Baoding city is taken as an example on the 
empirical analysis, to verify the effectiveness of the proposed 
method.

Keywords - Customer credit, fuzzy multiple attribute 
decision making, improved analytic hierarchy process,
power market 

I. INTRODUCTION 
Customer relationship management is referred to 

CRM. At present there is a lot o f study of power supply 
enterprise CRM. According to the characteristics of 
electric power industry, the literature [1-3] d iscusses the 
connotation of CRM and the existing problems, and puts 
forward the implementation strategy of the power supply 
enterprise CRM. The literature [4] is proposed to seek 
valuable customers, and provide personalized service. 
Power supply enterprises should focus on implementing 
the value management of big  customer, and avoid the loss 
of big clients. The literature [5] points out that power 
supply enterprises implement customer value analysis  and 
differentiation marketing. So they can improve enterprise 
competitiveness, and finally establish the evaluation 
model of the power customer. The literature [6] points out 
that under the environment of electricity market, the 
change which electric power enterprises face is setting up
customer service center to implement CRM information 
management. The literature [8] builds customer cred it 
management system based on the 5c theory. And group 
decision method and linear weighted method are applied 
to implement credit risk assessment. According to the 
actual situation of power Supply Company, the credit 
management system is designed. For electricity customers 
in arrears and the reasons, the literature [9, 10] designed 
electricity customer credit  evaluation model. Most of the 
current domestic electric power enterprises did not 
establish a perfect customer relationship management 
(CRM) system. A part of power supply enterprises 
established customer information system, but basic data is 
not real and informat ion is incomplete. The enterprise 
CRM system is difficult to  play real ro le. In the future 
under the competition environment of electricity market, 

electricity customers will have more options . But as the 
main body of market trade, power supply enterprises , 
how to avoid operation risk, gain maximum profit and 
guarantee to maintain the stability of customers, cred it 
evaluation is required to electricity customers and 
customer relat ionship management (CRM) need be 
strengthened, in order to realize effective control of 
customer resources and prevention of risk. Based on 
utility theory, this paper studies the customer value and 
customer cred it for power supply enterprises. Use the 
improved analytic hierarchy method and the fuzzy 
multip le attribute decision making method, customer 
relationship from power supply enterprises in Baoding 
city is taken as an example, and the two  combination 
methods are used for the empirical analysis . Through the 
simulation, the correct conclusion is drawn. 

II. METHODOLOGY 

A. The improved AHP model 
Using the concept of optimal t ransfer matrix, 

analytic hierarchy process  is improved and satisfies the 
requirement of consistency naturally, in order to avoid 
blindness and reduce the adjusted times by estimat ion. 
The main steps of improvements are as follows: 

The first step: To establish evaluation index system 
The second step: To construct judgment matrix 
Through pairwise comparison, determine the relative  

importance of each element compared to  a part icular 
element on one level. Two comparative judgment 
matrixes are constructed as: 

jiijijnnij aaaaA /1,0,)(                 (1) 

In the formula, ija  denotes the scale of importance 
of two indexes. 

The third step: Based on the modified AHP method,
calculation of all levels evaluation index weight. 

After index weight is calculated based on the 
modified AHP method, consistency check need not be 
done. The calculation steps are as follows. 

(1) Judgment matrix is fabricated to get quasi 
optimal matrix *A , as shown in Fig.1.

(2) Root method to *A  be used to solve the feature 
vector of *A . 

First of all, the elements of matrix *A  mult iply by 
lines. The following formula is concluded that:
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In the formula, ni ,,2,1 . 

Fig.1. Matrix modification process 
(3) The products are done n-th root respectively. It 

can be obtained: 
n

ii MW /1'                              (3) 
Then the normalized processing is done to root 

vector )',,','(' 21 nWWWW . The calcu lation formula of 
namely the sorting weight vector W is obtained as:
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i
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W

W
W                                (4) 

Index weight is obtained: ),,,( 21 nWWWW . 
The fourth step: Calculate the comprehensive weight of 

each evaluation index
The weight based on the second layer index is 

multip lied by the corresponding weight of the first layer
and the comprehensive weight of each evaluation index is 
obtained.

B. Fuzzy Multi-Attribute Decision 
Taking },,,{ 21 pxxxX  as evaluation object  

collection and taking collection },,{ 21 ncccC  as 

evaluation indexes, evaluation object jx  is evaluated by 

index ic . And the triangular fuzzy function ija  of jx
about index ic  is obtained. All evaluation objects  are 
evaluated by all the indexes and the fuzzy evaluation 
matrix pnijaA )(  is formed.    

To enable comparability between various indexes, 
the effects of different dimensions to evaluation results 
must be eliminated. So  the evaluation matrix pnijaA )(
need be transformed into standardized pnijrR )( n×p.
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m
ij

l
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The index values which are the bigger the better are 
processed as follows:
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The index values which are the smaller the better are 
processed as follows:
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The expectation value of the element ijr
 in the 

matrix R  is expressed with 
a

ijr
. Then:  

])1[(
2
1 s

ij
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ij
l

ij
a

ij arrrar                   (7) 

In the formula, 10 a . The choice of a  value 
depends on the attitude of the evaluators . 5.0a means 
that evaluators are more optimistic. 5.0a means that 
evaluators are neither optimistic nor pessimistic. 5.0a
means that evaluators are more pessimistic. Expected 
value evaluation matrix

pn
a

ij
a rR )( is obtained. 

The expectations for comprehensive indicators are:
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1

pjWrZ
n

i
i
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ij
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j

                  (8) 

Among them, ijr is the element of Qi king evaluation 
matrix. iW  is the weight calculated by the improved AHP 
method.

TABLE I 
INDEX OF CREDIT  RATING SYSTEM 
Customer credit evaluation index system C

Operating state 
C1

Commercial 
credit C2

Cooperative 
credit C3

Envoi-mental
conditions C4

Sales profit rate
C11
Asset-liability 
ratio C12
Rate of Return 
on net assets
C13
Return on Total 
Assets Ratio 
C14

History arrears 
amount C21
Cumulative 
arrears number 
ratio C22
Repay 
electricity rates
C23
Illegal conduct 
electricity C24
Corporate
image C25

Scheduling 
cooperation 
records C31
Electricity fill 
out record of 
cooperation
C32

Industry 
development 
C41
Market position 
C42

III. COMBINATION MODEL SIMULATION 

A. Construction of Credit Evaluation Index 
The company is evaluated by management capacity 

situation, business credit status, cooperative credit 
conditions and environment conditions, as shown in Table 
I. 

In combination with the actual situation of domestic 
electric power industry, in this paper, the electric power  
client credit is mainly d ivided into four levels . They are A, 
B, C and D from high to low in turns. The lower the level 
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is, the greater the credit risk which the power supply 
enterprise faces is, as shown in Table II. 

TABLE II
 CREDIT LEVEL STANDARD 

Credit 
level

Composite 
indicator 

expectations
Credit status

A 0.8~1

Good credit rating. The enterprise have 
excellent credit record. Good operating 
performance. No stealing behavior. Pay 
bills on time. Arrears little risk. Good 
credibility.

B 0.6~0.8 General creditworthiness.
There is a certain lack of risk.

C 0.4~0.6

Poor credit degree. Operating conditions 
are susceptible to the influence of 
uncertain factors. Don't pay the electricity 
bills on time, or there are stealing 
behavior. A lot of credit risk.

D 0~0.4 Very poor credit degree
TABLE III

CREDIT  EVALUATION INDEX DATA  
Index Company 1 Company 2 Company 3

Oper
ating 
statu

s

Sales profit  
ratio (%)

(7.22,7.22,7.2
2)

(14.55,14.5
5,14,55)

(10.06,10.06,
10.06)

Asset-
liability 
ratio (%)

(36.80,36.80,
36.80)

(46.16,46.1
6,46.16)

(48.24,48.24,
48.24)

ROE (%) (48.24,48.24,
48.24)

(10.35,10.3
5,10.35)

(8.76,8.76,8.7
6

Return on 
Total 
Assets 
Ratio (%)

(2.96,2.96,2.9
6)

(7.12,7.12,7
.12)

(6.51,6.51,6.5
1)

Com
merc

ial 
credi

t

History 
arrears 
amount 

(Ten 
thousand 

yuan)

(15.67,15.67,
15.67)

(20.54,20.5
4,20.54)

(16.56,16.56,
16.56

Cumulative 
arrears 
number 

ratio (%)

(8.32,8.32, 
8.32)

(4.09,4.09,4
.09)

(3.75,3.75,3.7
5)

Repay 
electricity 
rates (%)

(50.87,50.87,
50.87)

(92.02,92.0
2,92.02)

(87.93,87.93,
87.93)

Illegal 
conduct 

electricity

(0.26,0.32,0.3
8)

(0.16,0.22,0
.28)

(0.12,0.19,0.2
5)

corporate 
image

(0.46,0.55,0.6
3

(0.72,0.85,0
.91)

(0.64,0.88,0.9
4)

Co-
oper
ative 
credi

t

Scheduling 
cooperation 

records

(0.72,0.83,0.9
1)

(0.65,0.72,0
.84)

(0.69,0.77,0.8
9)

Electricity 
fill out 

record of 
cooperation

(0.56,0.59,0.6
2

(0.83,0.90,0
.96

(0.78,0.83,0.9
5)

Envi
ronm
ental
cond
ition

s

Industry 
developme

nt

(0.32,0.46,0.5
4)

(0.69,0.77,0
.85)

(0.45,0.47,0.5
3)

Market 
position

(0.20,0.27,0.3
5)

(0.60,0.65,0
.76)

(0.36,0.39,0.4
4)

This article selected three companies of Baoding city 
which had greater consumption as the examples. The 
three companies were selected as the application of credit 
evaluation method. And there are five experts invited to 

participate in the evaluation. The five experts were 
assumed equally  important. Though the evaluation of five 
experts and the survey data of the enterprises, the raw data 
of each index is gained. And the value of each qualitative 
index and the evaluation value of qualitative index were 
denoted with triangular fuzzy number. The cred it 
evaluation index of each electricity customer is obtained, 
as shown in Table III. 

B. Credit evaluation index weight calculation 
The weights of secondary level index in the credit  

evaluation index system are taken for example below. The 
improved AHP method is used to calculate the index 
weight.  

For the primary index of operating status, according 
to the experts, the importance of the secondary indicators 
in operating status indicators is shown in Table IV. 

TABLE IV 
OPERATING STATUS INDICATORS COMPARISON 

Sales
profit  rate

Asset-
liability 

ratio

Rate of return 
on net assets

Return on 
Total 
Assets 
Ratio

Sales profit  
rate 1 3 1 1/2
Asset-liability 
ratio 1/3 1 1/3 1/4
Rate of return 
on net assets 1 3 1 1/2

Return on 
Total Assets 
Ratio

2 4 2 1

C. Establish fuzzy evaluation model 
Based on Table IV, the fuzzy evaluation matrix is 

gained and the judgment matrix is constructed. 

1242
1/2131
1/41/3131/
1/2131

A

The quasi optimal matrix 
*A  is gotten. By  

calculation, it is gained: 

11.83.471.8
560.12.721

0.290.3710.37
560.12.721

*A

The elements in
*A  is multiplied by line and it is 

gained:

11.24
1.52
0.04
1.52

M

Then the formulas are used to gain: 
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831.
1.11
0.45
1.11

'W

Finally, through the normalized processing, it is 
gained:

400.
250.
100.
250.

W

For other secondary and primary indexes, the same 
method is used, and the weight of each index is gained.

0.440.36,0.39,0.760.60,0.65,0.350.20,0.27,
0.530.45,0.47,0.850.69,0.77,0.540.32,0.46,
0.950.78,0.83,0.960.83,0.90,0.620.56,0.59,
0.890.69,0.77,0.840.65,0.72,0.910.72,0.83,
0.940.64,0.88,0.910.72,0.85,0.630.46,0.55,
0.250.12,0.19,0.280.16,0.22,0.380.26,0.32,

3,87.9387.93,87.92,92.0292.02,92.07,50.8750.87,50.8
3.753.75,3.75,4.094.09,4.09,8.328.32,8.32,

6,16.5616.56,16.54,20.5420.54,20.57,15.6715.67,15.6
6.516.51,6.51,7.127.12,7.12,2.962.96,2.96,
8.768.76,8.76,5,10.3510.35,10.34.324.32,4.32,

4,40.2440.24,40.26,46.1646.16,46.10,36.8036.80,36.8
6,10.0610.06,10.05,14.5514.55,14.57.227.22,7.22,

A

Based on the analysis above, A is converted into 
standardized R matrix. Based on the formula above, the 
decision matrix Ra of R expectations is obtained as
follows: 

Commanding a=0.5, according to the formulas 
above, the comprehensive expectations of three 
companies can be obtained:

0.5
1Z =0.045+0.04+0.038+0.062+0.1+0.023+0.072+0.04+0.

019+0.06+0.072+0.02+0.012 =0.635; 
0.5
2Z =0.09+0.032+0.09+0.15+0.076+0.046+0.13+0.059+0

.029+0.053+0.11+0.05+0.03=0.945;
0.5
3Z =0.062+0.031+0.076+0.137+0.095+0.05+0.125+0.07

+0.028+0.057+0.104+0.031+0.018 =0.884;

aa
aa
aa
aa
aaa

aa
R

0.01-0.6010.0650.375
0.015-0.6310.090.53
0.0250.9310.015-0.66

0.010.9450.010.8851
0.0550.9450.015-0.9850.0150.635

10.070.8050.10.525
0.9610.553

10.9170.45
0.9460.7631
0.91410.416
0.84610.417
0.7630.7971
0.69110.496

5.0

The credit  levels of three enterprises are gained. The 
credit level o f enterprise 1 is in general level and belongs 

to the grade B. Enterprise 2 and Enterprise 3 are in a 
higher credit level and belong to the grade A. But the 
credit level of enterprise 2 is higher than Enterprise 3.

IV. CONCLUSION 

Finally, in order to reduce the credit risk of three 
electricity customers above, we should provide different 
services for the customers of different credit levels. For 
the customers of higher electricity credit , we should fully 
guarantee the power supply reliability, and give 
preferential policies, such as giving electricity 
consumption, provid ing free maintenance service, 
repairing priority and adopting other auxiliary  policies at 
the same time. For Enterprise 1 whose credit level is 
lower, credit should be strengthened. 
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1Abstract - This paper studied the surface mounting 
process optimization of the turret SMT machine. Firstly, it 
decomposed the issue into two sub-problems, which 
includes problems of component placement sequence and 
feeder arrangement. It built a surface mounting process 
optimization model based on the analysis of actual 
engineering application. The objective function of the model 
is PCB assembly in the shortest time. Afterwards, it solved 
the model using cellular genetic algorithm. The paper 
designs a two-dimensional segmented decimal encoding 
while neighbor structure using typical von Roy type. It used 
the improved ordered crossover and adaptive mutation in 
the process of genetic operations together with local search 
strategy in the algorithm based on the encoding. Finally, 
through the example, it can be shown that the algorithm in 
this paper are better in solving efficiency and results 
performance compared with the traditional genetic 
algorithm, which proved the effectiveness and superiority of 
the algorithm.

Keywords - Cellular genetic algorithm, component 
placement sequence, feed tank layout, interactive interface,
surface mounting

I. INTRODUCTION

The SMT (Surface Mount Technology) has been 
widely used in  PCB assembly as the rapid development 
of electronics manufacturing; it is especially important 
considering how to improve production efficiency of 
current PCB assembly production line. Being the bottle 
device, the efficiency improvement of turret SMT 
machine can be quite significant.

Currently, for this optimization problem, it main ly 
adopts the intelligent optimization algorithm such as 
traditional GA[1], taboo search algorithm [2-3], ant colony 
algorithm [4], ant colony-shuffled frog leaping algorithm
[5-6], distributed search algorithm [7], difference algorithm
[8], which could obtain better optimization effect in a 
certain range and time. Additionally, there are other 
intelligent methods such as simulated annealing 
algorithm [9].

Presently, we main ly concentrate on one of the
subproblem and neglect the whole correlation of multi 
objective or build optimization model of many 
subproblems separately, then change multi objective to 
single objective problems apply ing weighing method,
which can t assure objectivity of weighing coefficient 
allocation. Cellular Genetic Algorithm (CGA ) is a branch 
of GA [10], which is improved based on cellu lar 
automation and GA, it  has simple model, easy realization 
and fast convergence, and present its great performance 
                                                
1 Funded projects: The master's degree paper of China Three Gorges 
University outstanding fund (Project No. 4014PY020)

in practical combination optimization problems [11-12]. To 
seek better optimizat ion, this paper adopted CGA to
solve problems. Built corresponding assembly process 
optimization mathemat ic model by  analysis of p lacement 
workmanship process of turret SMT machine considering 
real situation of component size, multi layout of the same 
type of component in the feeder, CGA helped to solve 
component placement sequence and feeder layout 
optimization problems.

II. OPTIMIZATION MODEL BUILDIND AND
DECRIPTION OF MOUNTING PROCESS

A. Description of mounting process
This essay researched mounting process 

optimization of turret  SMT machine. This machine is 
composed of turret with placement head, feeder, PCB 
workbench, whose structure is simple, mounting speed is 
fast, easy fulfill of little size component. Its mounting
process is: first, the workbench loading PCB moved to 
the mounting position of the first component,
concurrently, feeder moved to where the feeder tank of 
the first component was, the placement head on the turret
picked up the first component, then turret rotated one 
step to pick up the second component, repeatedly doing 
like this, if there are M placement heads, when picking 
up the (M/2+1) component, placement head p lace the 
first one simultaneously; afterwards, PCB moves to 
where the second one is, meanwhile feeder tank moves to 
the (M/2+2) component position, cycle like th is till all 
components on PCB board are placed. The component on 
turret can identify, adjust orientation, straw switch 
automatically the component in the mounting process.

B. Definition of sub objective function
Picking up and mounting of component are done 

simultaneously in  mounting process. The time of three 
parallel movement mechanisms include feeder s moving 
time, workbench moving time along x-y and turret 
rotation time. The longest time of the three determine the 
place time of a certain component, PCB assembly time is 
the sum of all components mounting time. This paper 
aimed at shortening PCB assembly t ime and improving 
efficiency.

C. Mounting process optimization model of turret SMT 
machine

One single component s assembly time in  the 
working process of turret SMT machine is:

( ) max ( ), ( ), ( ) ( )t f r pT s t s t s t s t s
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In the equation, Moving time of PCB workbench:

1 1( ) max ,s s s s
t

x s y s

x x y y
t s

V s V s

xV , yV represent workbench moving speed along x 

and y axis separately, s is component number, ss
represent the slowest speed factor of workbench, N is 
amount of component.

In the equation, Moving time of feeder shelf:

1( ) , 1,2, ,f s s st s F F t s N, N,

1sF , sF represent feeder tank position of s+1 and 

s component separately, st represents time of feeder 
shelf moving one feeder tank.

Rotation time of turret and Component picking  up 
time: ( )rt s , ( )pt s .

Feeder layout and component placement sequence 
have interrelat ions, traditional solution by QAP and TSP 
is not fit for such kind of optimization, integrated 
optimization model aimed at component placement 
sequence and feeder layout has been established to 
achieve process optimization, the least assembly time is 
its objective function, this model is:

( 1) ( 2) ( 2 1)
1 1 1 1 1 1 1 1 1

min max ( ) , ( ) , ( )
N N N N N N P L L

p t i s js f i s M j s M tih tjk r
s s i j i j t h k

T t t s x x t s x x x x t s

1 1

1 1

1, 1

1, 1
. .

,
1, 2, , ; 1,2, , ; 1,2, ,

1,2, , ; 1,2, , ; 1,2, ,

N N

is is
i s
L L

tih tjk
h k

x x

x x
s t

i j P L
i N j N s N

t P h L k L

1 2 1 2N j N s N, ; 1, 2, , ; 1,2, ,; 1, 2, , ;; 1 2 ;; 1 2 ;1 2 ;

, ; , , , ; , , ,P h L k L, ; 1, 2, , ; 1,2, ,; 1,2, , ;; 1 2 ;; 1 2 ;1 2 ;
In the equation: N represent component quantity; M

represent placement head quantity; P represent 
component type quantity; L represent feeder tank quantity;
t represent component type; i, j represent component 
number; h, k represent feeder tank number; isx is 0-1
variable, 1 means placement sequence time of component 
i is s, otherwise 0; 1tikx means component i belongs 
to type t, and it is in feeder tank k, otherwise 0 [6].

III. SOLUTION AND REALIZATION OF CGA

CGA is a combined intelligent evolutionary 
algorithm of GA and cellu lar automation. Basic princip le: 
put initialized population of tradit ional GA onto circular 
connected mesh topological structure, each indiv idual is 
interacted with its neighbor only, namely, the breeding 
cycle is limited to neighbors. One breeding cycle 
includes the following steps: choose two parents from 
neighbor of one individual according to definite ru les,
then, use parents to do genetic operator operations
(mutation, crossover); lastly, rep lace current individuals 
with newly generated ones according certain principles.

A. Chromosome code and decoding
The assembly optimizat ion process include 

placement sequence and feeder tank layout, in 
chromosome code process , considering their interaction 

and resolution efficiency it is required to reflect 
component placement sequence and feeder layout in one 
chromosome, the component placement sequence can be 
showed by component number [13-15], feeder layout can be 
determined by component type. For we considered 
component dimension and the same component being 
placed to many feeder tanks in actual assembly 
conditions, the feeder number could better show position 
of different type of component on feeder shelf. This 
paper applied two dimensions decimal segmented code 
method to describe relationship between every 
subproblem, chromosome structural diagram is showed 
as Fig.1.

1 9 8 4 7 2 5 3 6 6 2 3 5 1 4

1 6 4 1 2 3 1 5 1 1 2 4 5 1 3

Fig.1. Chromosome segmented code structural diagram

B. Genetic operation
1) Fitness calculation

This optimization model built here is to achieve 
placement sequence and feeder layout and the goal is to 
make PCB assembly time shortest .so it is necessary to 
consider PCB assembly t ime when calculating fitness 
function. The fitness evaluation function is:

1
max ( ), ( ), ( ) ( )

N

t f r p
s

T t s t s t s t s

2) Strategy choice
Choice is made to identify recombination or 

mutation individuals and how many offspring would 
generate by chosen individuals. Tournament selection 
and optimal conservation strategy were used here. Banal
tournament selection was adopted to choose mutation 
and crossover individuals from parents then used the 
optimal conservation strategy, individuals with greater 
fitness were chosen to generate next generation while 
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maintaining the population size. 
3) Crossover and mutation

The chosen individual is limited to its neighbor,
which is the most critical operation in crossover process 
and the difference between CGA and tradit ional GA, here 
we adopted neighbor structure of Von Neumann model,
each individual contains four neighbors, randomly 
choose one from neighbor as crossover parent in every 
crossover process to generate offspring by mutation.
Improved order crossover was used directed at this code 
method so as to guarantee chromosome effectiveness,
namely, guarantee placement sequence and feeder layout 
tank code without repetition. Divide component code and 
feeder tank into two segments to do crossover, generate 
two new offspring, they inherited part informat ion of two 
parents chromosome and got recombined genes, made 
good crossover operation.

This paper applied two different mutation methods 
in the mutation process , exchange mutation and turnover 
mutation, various mutation methods could generate more 
new chromosome, to some degree, and it can  avoid 
possibility of early getting into local optimal. With the
increasing of genetic generation, the chromosome 
difference would become s maller, increasing the 
mutation possibility is good for getting rid of local 
optimal and obtaining global optimal, and so, self 
adoption was used here.

C. Algorithm achievement
The specific steps:
Step1: set CGA parameters mainly include 

population size, genetic count, crossover possibility and 
mutation possibility;

Step2: init iate the population. Generate size b inary 
decimal segmented chromosome to init iate according to 
chromosome code rules and requirements.

Step3: define neighbor. Place the initiated 
population to two dimensional mesh topology structure,
find corresponding neighbor separately for the 

convenient of subsequently genetic operation.
Step4: calculate fitness, evaluate function by fitness,

and calculate population fitness value.
Step5: fitness comparison. Use binary tournament 

selection method, maintain indiv idual with bigger fitness 
to do next crossover and mutation operation.

Step6: crossover operation. Use order crossover to 
generate new population.

Step7: mutation operation. Use exchange and 
turnover mutation together with self adoption mutation 
possibility.

Step8: conserve the optimal ones in every 
population after genetic operation.

Step9: repeat step4 to 8 till accomplish all set 
iteration; get the most optimal ones and the biggest 
fitness value.

IV. EXPERIMENT AND ALGORITHM ANALYSIS

A. The experimental data preparation
Use MATLAB to program; adopt GA and CGA, test 

3 PCB data. Test objective are 12 vertica l turret 
SMT machine of p lacement head, the machine s basic 
performance parameters are: PCB movement speed along 
x, y is 60mm/s, feeder shelf movement speed is 60mm/s,
a feeder tank s width is 15mm, turret rotation speed is 
0.25s/30°.

To testify effectiveness and advantages, the basic 
parameters are set as: initiated population p size=100,
genetic generation count=800, crossover possibility 
pc=0.6, mutation possibility pm=0.2.

The obtained results are showed in  Table I after 
solving by GA and CGA, component quantity and type 
informat ion on 3 PCB boards are recorded in Tab le I, run 
30 times, get statistical average fitness and optimal 
values, and improved efficiency of CGA comparing with 
GA Fig.2 is result convergence got by two different 
algorithms, main ly include the most optimal fitness 
convergence and average fitness convergence.

TABLE I
ALGORITHM EFFECTIVENESS TESTIFIED RESULTS

PCB
No

quantity type GA CGA Improved efficiency
average/s optimal/s average/s optimal/s average% optimal%

PCB1 65 22 35.667 33.515 30.395 28.433 14.78 15.16
PCB2 71 31 38.975 37.000 32.135 29.500 17.55 20.27
PCB3 30 18 14.521 13.166 13.075 12.306 9.96 6.53

B. Results the model
It can be seen from Table I, the mounting process 

optimization efficiency of CGA is superior to that of GA,
3PCB boards containing different amount of component,
use two algorithms, average an optimal t ime got by CGA 
are obviously less than that of GA; and with the 
expansion of problem scale, the resolution efficiency 
would increase more evidently, PCB2 has the most 
component quantity and type, the comparison result 
illustrate that the improved efficiency are 17.55%and 
20.27% separately.

Fig.2 showed 3 different PCB optimization results ,

CGA convergence speed is higher than that of GA, and 
the final results are better than GA, consequently, CGA 
could raise settle efficiency of mounting optimization to 
some extent, thereby directing practical production and 
increasing equipment production efficiency.
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Fig.2. comparison the result of the algorithm between CGA and GA

C. Results analysis
By comparing the algorithm results from the Table I

and Fig.2 it showed that at some extent the using of 
cellu lar genetic algorithm to solve this kind of problem 
will be better than traditional genetic algorithm. 
Especially in solving large-scale problems the method in 
this article will be more superior to other methods on 
performance. Why the method was superior to other 
methods. There were several reasons; firstly CGA is a 
combined intelligent evolutionary algorithm of GA and 
cellu lar automation, which inherit great performance as 
well as some characteristics of cellu lar automat ion [12]. It 

factors to system, and has 
randomness, parallelism and global characteristics when 
handling problems especially has great robustness,
convergence, high search efficiency aimed at dynamic 
problems. Secondly after considering assembly process 
fault, it has dynamics and randomness, so adopting CGA 
to solve problems would better present its advantages 
and better handle these problems.

V. CONCLUSION

This paper researched mounting process 
optimization of turret SMT machine, main ly included 
component placement sequence and feeder layout.
Considering dynamic factors of equipment fau lt, the 
layout of the same type of component on many feeder 
tanks and influence on feeder tank layout by component,
mathematic optimization model aimed  at shortest time of 
mounting time was established based on the knowledge 
of mounting process. GA and CGA were used to 
optimize and solve, got final results. Through experiment 
analysis comparison, it proved CGA s advantages in 
dynamic optimization problems and can achieve better 
optimized results, further testifying its effect iveness and 
advantages.
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Abstract - An automatic detection system of surface 
defects based on machine vision was developed. Metal film 
resistors were chosen as model materials. A CCD camera 
captures three images while the metal film resistor rotate 
once to get its full surface image. Using histogram 
equalization and median filter, the image contrast was 
improved and contours were smoothed. Global threshold 
segmentation distinguished the band from the background. 
Then the anchor point was found in the upper-left corner of 
the resistor. Band areas were extracted according to the 
anchor point. In situations where band areas were found, 
proposed algorithm recognized defects in terms of the 
number of band contours and the times from black to white 
in each pixel-width line. Depending on the above results, 
PLC controls the motion of the relay, implementing the 
classification of qualified resistors and defective resistors. 
The system was tested to detect defects in different 
surroundings and showed a success rate of more than 95%. 
Future work is being done to design an automatic feeding 
mechanism to improve feeding speed. 

Keywords - Image processing, machine vision, metal 
film resistors, surface defects 

I. INTRODUCTION 
The inspection of bands on resistors is an important 

index in judging whether a resistor is qualified or not. The 
identification of bands is directly related to the inspection 
and replacement of resistors. The traditional visual check 
by human eyes was labor-intensive and inefficient. 
Besides, it was influenced by workers and some defects 

resistors, visual fatigue may easily occur after long 
working hours, which increases unreliable factors to 
inspection accuracy. Therefore, apply ing surface defect 
inspecting system to rep lace v isual check can make up for 
the deficiency of the traditional inspection method. 

Machine vision system (MVS) is an image 
processing system which transforms destination object 
into picture intelligence and conveys it to an appropriative 
image processing system [1]. MVS deals with the signals 
to get the target characteristic and then control the motion 
of custom equipment based on the judging results. 
Machine vision technique is widely used in industrial 
fields like automatic inspection, nondestructive 
examination and precision metro logy [2]. MVS aims at 
using the machine in place of the human eye to make 
judgments. System structure of machine vision is shown 
in Fig.1 [3]. 

In foreign countries, machine vision is widely used 
on printed circu it board (PCB), the classification and 
identification of agricultural products and optical 
measuring of strip width and edge inspection in stainless 
steel. An annealing and pickling line has been developed 

by Ricci, M et al, the system contextually exp loits a 
magnetic imaging system designed and realized for the 
specific application [4].

Light source

Test 
Object Image Capture Image Digitization Image Processing and Decision

Control and Implementation

Fig.1. System structure of machine vision 
The domestic study on machine vision has been paid 

great attention since 1990s. Compared to foreign 
countries, although there was some development in 
machine vision, domestic research is still in the stage of 
low end application. Chen Yong put forward and designed 
an automatic real-t ime inspection system which can 
identify the surface defect of metal work piece without 
surface damage [5].

Currently, MVS is mainly  used to identify defects on 
the plane, while research on the surface of small 
cylindrical products is relatively little [6]. In this paper, 
maximum diameter of RJ resistors is only 2.5mm. 
Because it is a cylinder, a  camera c
surface at one time. Therefore, the key technique is how 
to collect complete surface and accurate identification of 
surface defects. 

II. MATERIALS AND METHODS 

(a) Band lacking (b) Band incompletion

(c) Band merging
Fig.2. Surface defects of the metal film resistor 

 The metal film resistors used in this paper are military 
products, which require being checked one by one rather 
than sampling  inspection. Surface defects of metal film 
resistors focused on the band, including three types of 
defects: band lacking, band incomplet ion and band 
merging (Fig.2 (a)-(c) respectively). 
 The key techniques of the machine v ision system are 
illumination system, image acquisition system, image 
preprocessing, image segmentation and image recognition. 
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These key techniques used in this paper are described as 
follows. 

A. Illumination System 
The performance of the illumination system is 

essential to the machine vision system. It not only plays 
the role o f illumination. 
produce a significant difference between the detection 
areas and background and avoid reflection [7, 8]. Thus, a
respectable illumination system will reduce the difficulty 
of processing images and increases the precision of 
inspection. Ring-shaped LED light is used as light source 
in this illumination system. LED lights are usually 
adopted as the illumination source in MVS for its low 
power consumption, long life and excellent optical 
properties. Ring-shaped lights are conducive to the 
research object to get uniform distribution of light [9]. As 
the detected surface of the metal film resistor is irregular, 
reflection is inevitable. Therefore, how to eliminate 
reflection is the main point  in  this illumination system. 
The solution is that adding a polarizer on the lens and the 
light source respectively, original figure and the figure 
with polarizer are shown in Fig.3.

(a) Original figure (b) Figure with polarizer
Fig.3. Original figure and the figure with polarizer 

B. CCD Camera 
The key parameters of the CCD camera are 

resolution, pixel depth and shutter speed. Resolution 
means the amount of picture elements contained within a 
unit length. Generally speaking, the higher resolution, the 
more picture elements contained, so the image will be 
clearer [10]. But it will take up more t ime for image 
processing in return. Pixel depth means bits used for 
saving each pixel, Open CV lib rary function requests 8 bit 
image. And shutter speed determines how many pictures 
can be taken per second. It  can be ad justed according to 
the moving speed of the target object [11]. 

The acA640-100gm d igital camera from Basler was 
chosen as the image sensor in this system. Its resolution is 
659-by-494 and the fastest frame rate reach 100 fps, 
which meets the requested speed of inspection. The digital 
camera can acquire the digital signals of images directly 
without image acquisition card. The image captured by 
the digital camera will be sent to an industrial computer 
by Gigabit Ethernet.  

To capture high quality images, an industrial lens 
matched with the camera is also requested. Focus which 
determines the field of view is the key parameter of the 
lens. There exist two types of lens: the zoom lens and the 
prime lens. Compared with the zoom lens, the best 
advantage of the prime lens is the high speed of focusing 
and the stable quality of the images  [12]. In addition, the 
distance between the lens and the metal film resistor is 
fixed. So the prime lens is a better choice for this system. 
Then the focus of the lens is given by Eq. (1) as follows: 

f = wD/W or  f = hD/H                        (1)
Where f is the focus, D is the distance between the 

focus and the metal film resistor, w is the width of the 
CCD, W is the width of the metal film resistor, h is the 
height of the CCD, H is the height of the metal film 
resistor. 

According to the given condition, the size of the 
CCD is 1/4 inch (3.2*2.4mm). The d istance between the 
lens and the metal film resistor is 250mm. The max length 
of the captured field is about 26mm. The focus of the lens 
calculated by Eq. (1), f = wD/W . So 
a 25mm prime lens was chosen as the lens in the CCD 
camera.

C. Image Acquisition 
As the metal film resistor is cylindrical, one camera 

the full surface at one time. To solve this 
problem, as shown in Fig.4. Plate on the chain pushes the 
metal film resistor moving on the track. The metal film 
resistor goes around the wire at this t ime [13]. When the 
metal film resistor comes to the slope, the metal film 
resistor goes around its body. And when the metal film 
resistor reach sensor under CCD, the CCD starts to 
capture three images continuously with the resistor one 
revolution. 

Fig.4. Image acquisition method 

D. Image Processing and Image Recognition 
The flow diagram of image processing and image 

recognition is shown in Fig.5 [14, 15]. Firstly, preprocessing 
aims at enhancing the image contrast and signal-noise 
ratio, h istogram equalization and median filter were used 
in this study for image preprocessing, the results are 
shown in Fig.6 (b). Image segmentation is the technology 
that segments the image into several areas. As the image 
captured is the gray and white image and the key issue is 
to distinguish bands and the other areas, global threshold 
segmentation is suitable enough. And the effect image is 
shown in Fig.6 (c). This system was designed to detect the 
surface defect of bands of the metal film resistor. Image 
recognition aims at extracting the band area. The key 
issue is to find the upper-left corner (point C) o f the band, 
and then intercept the band area with a fixed size 
rectangle according to the upper-left corner, as shown in 
Fig.6 (d). 

Sensor

CCD
Friction block

Slope
Wire Body

Plate
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Start Preprocessing Image
segmentation

Image
recognition

Defect
Detection End

Fig.5. Flow diagram of image processing and image recognition 

(a) Original image (b) Image preprocessing (c) Image segmentation (d) Image recognition
Fig.6. Effect image of image processing 

Lastly and most importantly, defect detection 
determines the specific type of defects. As mentioned 
above, band lacking, band inco mpletion and band 
merging are three main defects. In this study, the number 
of band contour (white areas in Fig.7, expressed in N) and 
the times from black to white in each pixel-width line 
(expressed in T) are two  important indicators. Fig.7 (a) 

shows that the qualified resistor has 5 band contours and 5 
times from black to white in each pixel-width line. When 
N and T are both less than 5, it represents  band lacking, as 
shown in Fig.7 (b ). When N is greater than or equal 5 and 
T is less than 5, band incomplet ion occurred in Fig.7 (c). 
When N is less than 5 and T is greater than 5, band 
merging, as shown in Fig.7 (d). 

(a) Qualified (b) Band lacking (c) Band incompletion (d) Band merging
Fig.7. Chart of defect detection 

III. RESULTS AND DISCUSSION 

The linear speed of the chain is 22.2mm/s. As the 
maximum diameter of the metal film resistor is 2.5mm, it 
moves forwards at 7.85mm for the metal film resistor 
rotate once. In addit ion, the CCD camera captures 3 
images while the metal film resistor rotate once. Thus, the 
shutter speed needed for this system is 118ms. The image 
captured by the CCD camera is sent to the computer for 
analysis. The experiment result showed that the detection 
speed is approximately one second and the accuracy of 
defect detection is 95.074%, which meets  the 
requirements of a real-time detection system. Then 
judgment results are transmitted to the PLC control unit. 
The PLC controls the motion of the relay, open or close 
depended on judgment results. Thus, the resistors are 
separated into different containers, achieving detecting 
and sorting the metal film resistors automatically. System 
structure schematic is shown in Fig.8.

Industrial 
Computer

PLC Control Unit

Moving Direction

CCD Camera

Light source

Resistor

Relay 

Band lackingBand incompletionBand mergingQualified

Fig.8. System structure schematic

Detection of Multiple Resistors: 
The algorithm above achieved the detection of one 

resistor. In order to improve detection speed, adding the 
number of resistors in a single acquisition is a good 
choice. Because of the limitat ion of the lens, the 
acquisition area is  limited. With the 25mm prime lens ,
three resistors are the limit, as shown in Fig.9. Although 
smaller focus has a bigger scope, the image of resistor 
may  distort. Compared with the above algorithm, the only 
difference is that the image including three resistors 
should be separated into three parts. There are three 
images for each resistor as the same as the previous 
method. Defects detection method is also the same as the 
algorithm for one resistor. Our algorithm is simple and 
practical, because parameter N and T are not difficult to 
get quickly. So our algorithm can detect surface defects 
with high speed and perfect accuracy.  

Fig.9. Multiple resistors acquisition 
Our algorithm is suitable for surface defects 

detection of cylindrical objects such as RJK resistors. In 
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addition, the threshold of the global threshold 
segmentation is capable of adjusting according to its 
surroundings. 

IV. CONCLUSION 

In this study, we implemented machine vision 
technique to detect the surface defects of the metal film 
resistor. The machine vision system can be implemented 
in the finished product surface inspection line of the metal 
film resistor. Precise positioning of the upper-left corner 
of the band area is the most important component. 
Experimental results showed that the proposed system can 
detect up to three resistors in a cycle, and the defect 
recognition is accurate. The system is fast enough to be 
implemented in real-time applications. 

The system can be applied to cylindrical products 
and are efficient in capturing full surface image with one 
camera. This reduces cost and overcomes the drawback of 
previously proposed system. Our future research will 
focus on designing an automatic feeding mechanism to 
improve feeding speed. 
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Abstract - Assembly process planning is a highly 

knowledge-intensive work.As collaborative design and 
manufacturing is getting increasingly popularespecially for 
complex assembly products,assembly process planning 
knowledge model should be comprehensive, recognizable 
and reusable. Ontology meets therequirements as a semantic 
tool providing a source of sharedand precisely defined terms 
that can be utilized to describeboth knowledge and 
concepts.Many researchers have studied the ontology 
modeling for assembly process planningdomainand 
theymainly focus on the geometry information, tolerance 
type and manufacture environmentrespectively.This paper 
presents an assembly process design knowledge ontology 
consideringassembly requirement, spatial information, 
assembly operation and assembly resource. It has covered 
almost every important conceptrelated to assembly process 
planning knowledge. 

Keywords - Assembly process planning,knowledge, 
ontology modeling 

I. INTRODUCTION 

Assembly process planning (APP) is highly 
knowledge-intensive,involving assembly sequence 
planning, assembly path planning, resources and tools 
choosing, etc[1]. Modeling knowledge of assembly process 
planning is the foundation of decision-makingmechanism. 
Study onacquisition, management, retrieval, sharing and 
reusing of knowledgeisbecomingincreasingly 
important.As collaborative designand manufacturing is 
getting increasinglypopularespecially for complex 
assembly products. APP knowledge model should be 
comprehensive, recognized and reusable. This requests a 
knowledge modeling tool to be extendible and be able to 
make precisedefinition [2].

Ontology is a type of semantic tool providinga source 
of sharedand precisely defined terms that can be used to 
describeboth knowledge andconcepts [3]. Ontology can be 
expressed in standard formal languages like XML which 
would ensure the sharability and cooperation. These 
characteristics make ontology a notableknowledge 
modeling tool in many domains like medical science [4],
digital library [5], manufacturing [6], etc. Ontology 
modeling for APP knowledge has always been the 
research focus.Fiorentini[7] et al. showed that the 
ontological assembly model can help in achieving various 
levels ofinteroperability as required to enable the full 
potential ofProductLifecycle Management(PLM).Kim[8]

et aldesigned a collaborativeassembly design and 
information-sharing environmentscalled Assembly Design 
Browser based on assembly design ontology 
model.Designers are no longer merely exchanging 

specificgeometric data, but rather more knowledge about 
design andthe product development process [9]. Ontology 
fits all the requirements of APP knowledge modeling. 

II. OVERVIEW OF RELATED RESEARCH 

A.Ontology 
An ontology is the representation of knowledge based 

on conceptualization in a formal and explicit manner [10],
in another word, explicit, formal specifications of terms in 
thedomain and of the relations among them. The 
advantage of ontology is that it offers the concepts and 
their relations in a domain in a commonly agreed and 
formal expression that is machine-readable [11] and it has 
the reasoning capability that makes the implicit 
informationexplicit [12].

Fig.1.Sketch of ontology model 
Ontology models are expressed as documents like 

OWL DL(WebOntology Language - Description Logic). 
Take the OWL document as anexample [13], each 
documentconsists of an ontology header, annotations, 
classes and propertydefinitions (more formally referred to 
as axioms), facts about individuals, anddatatype 
definitions, as Fig.1 shows.An ontology header is a 
resource that represents the ontology itself.Annotations 
are statements (triples) that have annotation properties as 
predicates.A class describes a set of resources that share 
common characteristics or are similar in some way which 
is used to define a concept. Individuals are instances of 
classes and are linked to classes via properties. A Property 
is a resource that is used as a predicate in statements 
thatdescribe individuals which canbe used to state 
relationships between individuals, or betweenindividuals 
and data values.Datatypes in OWL represent ranges of 
data values. OWL 2 allows you to define your own 
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complexdatatypes that are explicitly enumerated or 
defined using facet restrictions(value range restrictions). 

B.Ontology Modeling for Application Domain 
There are some modeling methods for practical 

application domain based on ontology that have 
madesignificant progress like TOVE(Toronto Virtual 
Enterprise) method for engineering product and design[14],
Skeletal Methodology proposed by Mike Ushold and 
MichealGruninger[15], KACTUS(Modeling Knowledge 
about Complex Technical Systems for Multiple Use) 
Project Method developed in Esprit Project[16], etc. These 
methods were summarized throughreverse engineeringin 
independent cases in the background of diverse domain 
and each of them had special emphasis. But a common 
methodology does not exist yetconsidering differences in 
the specific field and concrete engineering. There are five 
principles provided by Gruber [17] in 1995 generally 
believed to be very influential: 

(1) Clarity: An ontology should effectively 
communicate the intended meaning of defined terms and 
definitions should be objective.  

(2) Coherence: An ontology should be coherent: that 
is, it should sanction inferences that are consistent with 
the definitions.  

(3) Extendibility: An ontology should be designed to 
anticipate the uses of the shared vocabulary. It should 
offer a conceptual foundation for a range of anticipated 
tasks, and the representation should be crafted so that one 
can extend and specialize the ontology monotonically.  

(4) Minimal encoding bias: The conceptualization 
should be specified at the knowledge level without 
depending on a particular symbol-level encoding.  

(5) Minimal ontological commitment: An ontology 
should require the minimal ontological commitment 
sufficient to support the intended knowledge sharing 
activities. 

The principles for modeling a standard knowledge 
ontology based on those methodologies and principles 
mentioned could be summarized as:striving to cover all 
the content in the domain, describe all the concepts of 
data model and function model as well as the relationships, 
transformations and operations between the concepts in 
common definitions; Ensuring the correctness, 
normalization and simplicity of the knowledge model so 
that uniform knowledge base could be built which is the 
base of accessible and efficient data exchanging in later 
applications. 

C. Related Research 
Ontology has been used to model assembly 

knowledge domain knowledge in various researches 
already. Ontology-based researches take advantage of the 
capabilities to structure concepts and to connect them 
with part models, and make use of reasonersto set up 
inference rules to ensure the consistencyof the assembly 
description or extract informationthat is not readily 
available in the dataset describingan assembly, and some 

researchers describe geometric features of 
entitiesunanimously utilizing standard specifications. 

Kim[8]et al havedeveloped an assembly design (AsD) 
ontology to describe the specificationof assembly design. 
Investigated terms included Product, Assembly, 
AssemblyComponent, Part, Sub-assembly, Assembly 
Feature, FormFeature, Joint, Joint Feature, Mating 
Feature, etc. The definitions for assembly design 
termswere analyzed by Kim. For example, the 
definitionof an assembly feature in engineering design 
was “a group ofassembly information”, which included 
form features, jointfeatures, mating relations, 
assembly/joining relations, spatialrelationships, material, 
engineering constraints, etc. The AsD ontology model 
was built based on these concepts. In themodel, six 
classes of assembly design concept were defined as 
shown in Fig.2: Material, Product, Feature, Spatial 
Relationship, Manufacturing and Degrees of Freedom. 
The concept of Product included Part and Assembly, the 
Feature concept included Feature for Part and Feature for 
Assembly, the Manufacturing was designed to include 
Manufacturing Process and Joining Process.The assembly 
design ontology model wasdesigned as shown in Fig.2 
after further classification and subdivision. 

Fig.2.Part ofAsD ontology class hierarchy 
The AsD model alsoincludedproperties that represent 

classcharacteristics, domains, and ranges that represent 
classrelationships as well asinference rules to query AsD 
information selectively like the assembly relation and 
spatial relation of chosen parts as well.This AsD 
formalism was also used in Assembly Design Browser-a 
collaborativeassembly information-sharing environments 
because of thesharing and reusability of ontology. 

However, many important concepts were still left 
implicit or not defined in this assembly process ontology 
model, implied assembly constraints,and tolerance cannot 
be easily obtained and expressed. While Krima'swork[18, 

19]focused on the geometry data informational in ontology 
model. 

Krima and Barbau[18, 19] et al. proposed a way to 
enable the exchange of product data through a product 
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lifecycle based on ontology betweendifferent designers 
and technologists. The ontology model is called 
OntoSTEP in their work using OWL-DL (WebOntology 
Language - Description Logic) to describe the Standard 
for Exchange of Product modeldata (STEP) (ISO 
1030)[20].STEPmainly focuses on product management 
data andgeometry informationstill evolving to meetthe 
needs of modern Computer-Aided Design (CAD), 
Computer-Aided Engineering (CAE), and Product Data 
Management (PDM)systems.The STEP APs are defined 
using the EXPRESS (ISO 10303-11)[21] languagewhich is 
developed to enhanceproduct modeling and provide 
support to describe “the information required for 
designing, building,and maintaining products.” The 
concept of entity in EXPRESS is similar to the concept of 
a class in object-orientedmodeling. After translating the 
main concepts in EXPRESS into ontology, three entities 
were described: product, productcategory and product 
related category. These entities and instances of entities 
mapped respectively to OWL classes andindividuals, 
detailed geometry data informational could then be 
described in the ontology model. In order to get better 
descriptive power, Krima built additional concepts in the 
model like Data Type, Aggregations, Select, Enumeration, 
Abstraction, Inheritance and Uniqueness Clauses to define 
the non-geometry information describe in EXPRESS. 

In a given example by Barbau and Krima[18]et al., 
STEP AP203 was used to create a 3D CAD model of 
aproduct, while CPM(Core Product Model) and 
OAM(Open Assembly Model)were used to represent the 
functionaldecomposition of this product and the 
relationships between theparts. After geometric definition, 
integration of geometry and non-geometry information, 
the model designed could be stored in ontology and 
queriesabout retrieving the parts that areconnected to a 
particular part via a fixed connection could 
runsuccessfully.  

Their workcovers a larger descriptionof a product 
with an ontological description incorporatingthe geometry 
levels, structure levels and even function levels in a 
unanimous approach by using international standard. But 
the authors showed that not all concepts of STEPcould be 
rigorously defined which would lead to limitations in 
detecting inconsistencies because of the 
compatibility.Thepracticalmanufacture environment 
information like assembly process information and 
resource information is not considered enough in their 
work as well as the tolerance.Related researchbyZhong[19]

et al.focused on the assembly tolerance whichshowed that 
assembly tolerance types could be automatically 
generated based on ontology. 

Zhong[22] et al.constructed an extended assembly 
tolerance representation model by introducing a spatial 
relation layer aiming at reducing the uncertainty and 
supporting thesemantic interoperabilityin assembly 
tolerance specification design. The assembly tolerance 
representational ontology model consisted of three layers: 
part layer, assembly feature surface layer and spatial 

relation layer.The classstructure in assembly tolerance 
representational ontology model is showninFig.3. 

Fig.3.Classes in the ontology model for assembly tolerance 
representations 

Assembly tolerances mainly included geometrical 
tolerance, angletolerance, and linear dimensional 
tolerance. Geometrical and dimensional tolerances of 
parts can be determinedby the assembly tolerances of the 
corresponding product. The authors classified the 
tolerance types according to the number of associated 
datums. Tolerances not associated with datums but 
instead associated with idealshapeswere called form 
tolerance, including straightness, flatness,roundness, 
cylindricity, profile any line, and profile any 
surfacetolerances.Tolerances needing one or more 
datumsto control the scope of theirchangeswere called 
positional tolerances, including circularrun-out, total run-
out, parallelism, perpendicularity, angularity,position, 
concentricity (coaxiality), symmetry, angle, and linear 
dimensionaltolerances.Following consideration of the 
functional tolerances, the ontology model also 
coveredspatial relations.These were defined to be the 
Object propertiesused to connect certain geometry 
elements. Then this model could describe assembly 
tolerance explicitly. With this ontology model and SWRL 
rules defined, assembly tolerance types could be 
automatically deduced. 

Lemaignanand Siadat[23] et al. presented an ontology 
model of manufacturing domain called 
MASON(MAnufacturing's Semantics ONtology) aimed to 
draft a common semantic net in manufacturing 
domain.MASON emphasizes data formalization and 
sharingparticularly in an open manufacturing environment. 
Three kinds of classes were defined in this work: (1) 
Entities, are the common helper concepts which provide 
the concepts to specify the products. (2)Operations, relate 
to process description which cover all processes linked to 
manufacturing in a wide acceptation. (3) Resources, stand 
for the whole set of manufacturing linked resource.They 
also defined properties to connect the conceptsconsidering 
the real assembly process planning works. It has already 
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been used in Automatic Cost Estimation research as well 
as Multiagent module for manufacturing system. This 
work provided shared and precisely defined knowledge 
and concepts asshownin Fig.4. 

Fig.4.Overview of the ontology’s main classes and object properties[23]

Lemaignan's workpresented a different view to define 
the domain of assembly which focuses on the 
practicalmanufacturingcondition. 

III. AN ONTOLOGY MODEL FOR APP 
KNOWLEDGE REPRESENTATION  

This paper aims at proposing an ontology model for 
APP knowledge in order to ensureconsistency of interface 
definitions among differentdesigners and technologists in 
a collaborative design and manufacturing environment[24].
Based on the principle of comprehensiveness and 
reusability, this paper subdivides the content and 
necessary information of APP knowledge into assembly 
requirement, spatial information, assembly operation and 
assembly resource, these concepts need to 
beaccuratelydefined in a common way.The APP 
knowledge ontology model is as shown in Fig.5. 

The assembly requirement is the critical information 
designers attempt to present. It contains assembly 
structure, geometry entity, assembly constraint and 
tolerance. In the ontology model, the assembly structure is 
used to describe structural relationships within a product 
based on the concepts of part, component and product as 
well as the relationships between these concepts. 
Geometry entity requires to be defined unambiguously as 
the carrier of assembly constraint and tolerance, this work 
could refer to the Onto STEP[20] which could define 
geometrical elements in the use of international standard. 
Assembly constraint and tolerance can then be defined as 
distance and angle requirement between two certain 
geometrical elements. This would greatly enhance the 
ability to describe tolerance and other geometry 
information. 
Spatial information presents the location, pose and 
movement of objects in 3D space which is closely 

connected to the assembly path planning and assembly 
sequence planning. The location and pose of objects could 
be completely defined by the absolute coordinate and the 
relative coordinate fixed on the part if deformation is not 
considered. Then the spatial motion could be resolved into 
the Translation of original point and the revolution around 
the axes of relative coordinate. These definitions could 
help Assembly Path Planning in the future. 

Fig.5.Main classes and object properties of APP knowledge model 
Assembly operations are the basic elements of 

assembly process. These concepts defined with standard 
terms are linked to concepts of available resource aiming 
to describe the assembly capacity of a certain manufacture 
environment. This part should cover all the operations in 
assembly processes and the resources needed. 
Furthermore, the ability of certain operations and 
resources could be appended to this APP knowledge 
ontology model making it possible for automatic 
assembly process planning. 

The ontologymodelhas covered important concepts of 
assembly process knowledge, and it could clearly express 
geometry and non-geometry information including 
tolerance, assembly structure, assembly process and 
resources that are not considered integrated before.A lot 
of work remain needed to finish this model and to realize 
its application. But it is worthy to be developed. 

IV.CONCLUSION 

Assembly process planning knowledge modeling is 
getting critically important.As this paper shows, ontology 
modeling for assembly domain has achieved many 
significant results. Most researchers focus 
ontolerance,practicalmanufacturing condition or spatial 
motion adequate consideration in their work. This paper 
presents an assembly process design knowledge ontology 
model covering all the important concepts related to 
assembly process planning likeassembly requirement, 
spatial information, assembly operation and assembly 
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resource.A lot of work remain needed to be completed, 
but this model would greatly push the development of the 
assembly process planning automatically. 
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Abstract - To study energy consumption influencing 
factors of urban residential building in Hainan, on the basis 
of questionnaires which inquire the actual energy 
consumption of the target residents, and by means of 
correlation analysis and multiple regression analysis 
through SPSS software, an empirical study shows that the 
resident population, per capita building area, the sum 
number of air-conditioner and computer and the air 
conditioning cooling method have impacts on energy 
consumption of  influencing factors the multiple linear 
regression model was drown. The fitting effect was tested 
with calendar year lystatistics of actual energy consumption; 
the results show that the model has high accuracy, and 
energy saving strategies of residential building are given out 
according to the forecast model.

Keywords - Building energy consumption, building 
energy saving, forecast model, residential building

I. INTRODUCTION 

Building energy consumption accounts for one-third 
of the societal energy consumption in China, and has a
great energy-saving potential [1]. In recent years, with the 
rapid development of urbanization, economic 
development, people's incomes and living standards, Sino
building energy consumption has increased dramatically.
From 1996 to 2006 build ing energy consumption 
increased from 0.243 billion tce (ton of standard coal 
equivalent) to 0.563 billion tce, which represents a 
1.3-foldincrease. In 2006, urban residential build ing 
energy consumption was 0.255 billion tce, or 45 percent
of the total build ing energy consumption. That is to say, 
residential building energy consumption accounts for a 
large proportion of the total building energy consumption 
[1, 2]. While, residential building energy consumption is 
affected by lots of factors from home and abroad, which  
has some charicteristics, such as time-variance, 
complexity, randomness, regionalism. Due to the different 
environments and conditions , the residential build ing
energy consumption is various from area to area.

s residential building energy 
consumption research for the industrial city, no for the 
tourist city. Therefore, for the special environment of 
Hainan, to study of changes in overall building energy, 
however, is more important to decide the whole energy 
saving direction. In this paper, the resident population, per 
capita floor area, the sum number of air-conditioner and 
computer and the air conditioning cooling method, are
discussed to analyze the factors and the extent to which 
they influence the growth of energy consumption by 
residential building in tourist city s rapid urbanizat ion 
process.

Treating the residential build ing energy consumption 
as a relat ively independent statistical object is good for 
systematically accumulating the underlying data for 
residential building energy consumption and 
understanding the basic conditions of residential build ing 
energy consumption. It can also provide forceful data 
supporting energy mix readjustment and energy policy  
formulat ion [3]. At the same time, civ il build ing energy 
systems are closely related to national or reg ional energy 
and environmental policies, and an  energy demand model 
is also the foundation of making strategy and plans for the 
entire industry development [4]. Therefore it is necessary 
for us to understand the characteristics of each area of 
residential building energy consumption to provide the 
correct guidelines for build ing energy efficiency by 
analysis and study of residential build ing energy 
demands.

Residential build ing energy consumption is affected 
by both domestic and international factors, and has 
households, building cases, ownership of appliances, 
thermal environment requirements [5]. According to a 
specific area expanded by sample surveys. However, the 
study sample of the residential building energy 
consumption in Hainan province is too small to involve 
annual energy consumption and establish a high energy 
reliability pred iction model. Therefore, on the basis of 
expanding the sample of energy consumption, we 
research the annual influencing factors of Hainan 
residential building energy consumption and establish a 
residential building energy consumption predict ion model 
with analysis [6-11]. This has important implications for 
Hainan province to develop energy planning and energy 
policy. Meanwhile, this paper provides a right direct ion 
for the research and practice of residential build ing 
energy-saving. At the same time, there are great practical 
significant for the global work of energy-saving and 
consumption-reducing.

II. QUESTIONNAIRE DESIGN AND DATA 
PROCESSING 

The required ob jective data are taken from research 
data and the Statistical Yearbook; the required subjective 
data are taken from 2014, According to the characteristics 
and population distribution of Hainan residential 
buildings, select 1000 household surveys from Haikou, 
Sanya, Boao, Qionghai and Wenchang, get 729 valid  
questionnaires. Subjective investigation and objective 
consumption by one match. We use SPSS l6.0 software to 
analyze the correlat ion between annual residential 
building energy consumption and these variables. 
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Subjective questionnaire design considerations of user 
informat ion, the basic situation of the building, lifestyle, 
energy awareness, ownership of household appliances, 
therefore, it has a high degree o f reliability and validity.  
User information including home resident population, age 
distribution and the total household income; the basic 
situation of buildings, including building area, age of the 
building, building orientation, building type, residential 
floors; lifestyle including the use of air condit ioning in  
the meantime, air temperature setting, the indoor 
temperature and the overall feeling of comfort, winter 
heating mode; Awareness of energy including whether to 
use saving lamps; Ownership of household appliances 
including the number of computers, air -conditioner, 
refrigerators, heaters, electric water heaters, electric rice 
cookers.

III. EMPIRICAL ANALYSIS 

Correlation analysis is to study whether there is 
some kind of interdependence between phenomena, and it  
specially investigates the phenomenon of dependency 
direction and its associated degree of correlation; also it
develops a statistical method correlation between random 
variables. Simple correlation analysis between two 
variables is to study the degree of linear correlat ion 
between them and it is a common statistical method with 
a set of appropriate statis tical ind icators. Correlat ion 
coefficient is the representative indicators to measure the 
degree of linear correlation and dependency direction 
between variables. Its characteristics can be summarized  
as: first, the two variables in a correlat ion analysis are 
equal, regard less of the independent variable and 
dependent variable with only one correlation  coefficient; 
second, there are both positive and negative correlat ion 
coefficients, the sign reflects the direction of correlation: 
positive sign reflects the positive correlation and the 
negative correlation with the minus; third, the two  
variables for calculating a correlation coefficient are 
random ones. The most commonly used Pearson 
correlation coefficient expression is as follows: 

3X Where [ 1,1]xy ; X and Y are 

respectively the mean value of X and Y; iX and iY are 
respectively the ith observables of X and Y.

Partial correlation analysis refers to that it analyzes 
the degree of linear correlation of the two of several 
variables and calculates the partial correlation coefficients 
under the condition of controlling of the influence from 
other variables. Partial correlat ion analysis, also known as 
net correlation analysis, which analyzes the linear 
correlation between the two variables, parameters used 
for the net under the control of the linear correlat ion 
coefficient affect from other variables conditions.

Assuming 1X , 2X , 3X three variables, eliminating 
the influence of variable 3X , with a part ial correlation  

coefficients between the variables 1X and 2X , the 

partial correlation coefficient denoted 3,12r , variable 3 is 
called the control variables, Calculated as:

2
23

2
13

231312
3,12

11 rr
rrrr

A. Correlation analysis of influencing factors
In residential buildings, building energy 

consumption mainly including air condition ing, lighting, 
appliances, cooking and hot water terminal energy 
consumption. Many factors affect building energy 
consumption, usually involving build ings situation,
householder situation, the ownership of household 
equipment and lifestyle with energy saving concepts. The
survey from five aspects, and accordingly design a survey 
indicators of annual household income, build ing area, 
building age, residential floors, building type, the resident 
population and so on. In order to  analyze whether there is 
correlation between these variables and energy 
consumption and their related degree, for each variable a 
simple correlation analysis.

B. Simple correlation analysis
We use SPSS l6.0 software to analyze the correlation  

between annual residential building energy consumption
and these variables, the result shown in Table I. As shown 
in Table I: although the separate two correlation 
coefficients of annual energy and the number of 
household equipment are different, a ll appliances usage 
and intensity of use are basically related to the annual 
energy; and our analysis results are more consistent with 
the actual results. Meanwhile accord ing to the 
significance level p, such seven variables have a
significant linear correlat ion with annual energy 
consumption: the resident population, the per capita 
building area, build ing type, energy-saving and insulation 
measures the building used, summer air conditioning 
cooling mode, the total number of and the daily use time 
of air conditioning and computer [12-13].

Simple correlat ion analysis can't control the 
influence of other variables , sometimes cannot accurately 
reflect the relat ionship between things , but can be partial 
correlation analysis . Therefore, it is necessary to 
determine by partial correlation analysis of the annual 
energy consumption of the simple-depth analysis of 
relevant variab les. Do part ial correlation  analysis for the 
resident population, the per capita building area, build ing 
type, energy-saving and insulation measures the building 
used, summer air condition ing cooling mode, the total 
number of and the daily use time of air conditioning and 
computer, total energy consumption of each variable and 
the partial correlation analysis results was shown in  Table 
II.
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TABLE I
CORRELATION ANALYSIS ON ENERGY CONSUMPTION AND THE VARIABLES

Project Variable Correlation 
coefficient

Significant level 
P

Number of 
samples

Income Householder situation Total household income
Resident population

0.054
0.406**

0.152
0

729
729

Buildings situation Building's era 
Building area 
Building orientation
Building type
Residential floors
Energy-saving insulation measures

-0.076
0.678**

0.035
0.114**

0.069
0.446**

0.063
0
0.448
0.003
0.102
0

729
729
729
729
729
729

Lifestyle Summer cooling mode
Summer air conditioning use time
Summer air conditioning cooling mode
Winner air conditioning use time
Winner air conditioning heating mode
The complete baths a day
Bathing way

0.010
0.070
0.318**

0.106
0.036
-0.03
0.042

0.708
0.068
0.001
0.143
0.318
0.616
0.412

729
729
729
729
729
729
729

The ownership of household 
equipment

Computer boot time a day
TV boot time a day
Number of refrigeration and air conditioning in 
summer
Air conditioning of heating in winter 
Several other equipment of heating in winter
Number of cooker
Number of computers
Number of TV
Number of information equipment

-0.004
0.096*

0.546**

0.269**

0.180**

0.166**

0.299**

0.135**

0.178**

0.928
0.009
0
0
0
0
0
0
0

729
729
729
729
729
729
729
729
729

Energy saving concepts The usage of energy saving lamps
Electric appliances on standby condition

0.046
-0.035

0.242
0.373

729
729

Annotate: *represents 0.05 significant correlation;**represents 0.01 significant correlation.

TABLE II
TOTAL ENERGY CONSUMPTION OF EACH VARIABLE AND THE PARTIAL CORRELATION ANALYSIS RESULTS

Variable Partial correlation Significant level Numberof samples
The resident population 0.403** 0 729
The per capita building area 0.591** 0 729
Building type -0.024 0.597 729
Energy-saving and insulation measures the building used 0.426** 0.004 729
Summer air conditioning cooling mode 0.396** 0.003 729
The total number of and the daily use time of air conditioning and computer 0.017 0.682 729

Annotate: * represents 0.05 significant correlation; ** represents 0.01 significant correlation.

TABLE III 
THE INTRODUCTION OR ELIMINATE VARIABLES

Model number Enter variables Excluding variables Method
1

3X 1X , 2X , 4X Stepwise regression method

2 3X , 1X 2X , 4X Stepwise regression method

3 3X , 1X , 2X 4X Stepwise regression method

4 3X , 1X , 2X , 4X Stepwise regression method

TABLE IV 
MODEL COEFFICIENT OF EACH TEST

Model 
number

Parameters Non-standardized 
regression coefficients B

Standard 
error

Standardized 
coefficient

T-test Significant 
level

1 Constant term
The sum number of air-conditioner and computer

714.693
110.648

47.379
16.616 0.408

7.039
3.316

0.014
0.026

2 Constant term
The sum number of air-conditioner and computer
Resident population

480.420
94.322
83.499

79.819
16.842
20.683

0.442
0.156

3.412
3.210
2.127

0.028
0.004
0.016

3 Constant term
The sum number of air-conditioner and computer
Resident population
The per capita building area

-178.824
61.628
191.709
15.379

103.494
14.945
22.353
1.937

0.240
0.775
0.663

-1.072
2.078
4.183
4.193

0.082
0.006
0.034
0.040

4 Constant term
The sum number of air-conditioner and computer
Resident population
The per capita building area
Summer air conditioning cooling mode

-407.544
41.736
191.472
15.399
120.308

122.942
16.336
22.038
1.741
34.406

0.186
0.483
0.624
0.228

-1.752
1.408
4.639
4.431
2.045

0.011
0.034
0.004
0.015
0.022
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C. Energy consumption forecast model of residential 
buildings

According to the results of the partial correlation 
analysis, select four variables to influence to establish 
regression model. The part icular form of mult ivariate 
linear regression model (Factor is the resident population 

1X , the per capita building area 2X , the total number of 
and the daily use time of air conditioning and computer 

3X , summer air conditioning cooling mode 4X ):
443322110 XbXbXbXbbY

Select the independent variables by gradual 
regression fitting regression model, method as shown in 
Table III. 

The Table IV shows the various models of 
non-standardized regression coefficients B, standard error,
standardized coefficient, T-test and significant level. The 
four models of each variab le significance level is less 
than 0.100, so it has statistical significance. The constant 
term of model 4 is -407.544, the non-standardized 
regression coefficients of sum number of air-conditioner 
and computer is 41.736, the standardized coefficient is
0.186, the non-standardized regression coefficients of 
resident population is 191.472, the standardized 
coefficient  is 0.483, the non-standardized regression 
coefficients of the per capita building area is 15.399, the 
standardized coefficient is 0.624, the non-standardized 
regression coefficients of summer air conditioning 
cooling mode is 120.308, he standardized  coefficient is
0.228.

In order to verify the fitting effect of the model.
Based on the model 4 to back to the generation of test 
sample data, to obtain the annual energy consumption 
non-standardized predicted values of each sample. Use 
predictive value minus statistical quantity get the 
difference between the predicted and actual values. 
Absolute difference is less than 1004 (the regression 
equation to predict the value of standard deviation) to 
meet the requirements, otherwise not eligib le, to get meet 
the requirements 460 samples, do not meet the 
requirements 166 samples, the historical coincidence rate 
was 73.5%. Based on the above analysis, to determine the 
final regression equation is:

4213 308.120399.15472.191736.41544.407 XXXXY
As can be seen from the above model: annual energy 

consumption are positively correlated with the resident 
population, the per capita building area, summer air 
conditioning cooling mode and the total number of and 
the daily use time of air conditioning and computer,
consistent with the partial correlation analysis results .

The resident population, the per capita build ing area, 
building type, energy-saving and insulation measures the 
building used, summer air conditioning cooling mode, the 
total number of and the daily use time of air conditioning 
and computer is the main factor affect ing the energy
consumption of residential buildings can be seen from the 
analysis results, this is similar to the results in the 
literature [1, 3, 6]. However, analysis shows that the 
income variable and annual energy consumption does not 

have a significant linear correlation, this is inconsistent 
with the conclusions of the literature [2, 5]. Because 
many living facilit ies which can only  be owned by 
high-income groups now can  also be owned by 
low-income groups with the improvement of people's 
liv ing conditions. In addition, Hainan residents income is 
closer, this has also been reflected in the frequency 
analysis of the survey results.

IV. CONCLUSION AND SUGGESTION 

This paper proposed a predicted model for pred icting 
residential building energy consumption in Hainan 
province that is in line with the actual data trends . It can 
be simultaneously used in: formulating Hainan province 
residential building energy-saving measures and 
standards; guiding and organizing the residential 
construction industry; helping to optimize the structure of 
residential buildings in Hainan. This study focused on 
both qualitative and quantitative analysis which improved 
the insufficient of prev ious research on Hainan build ing 
energy consumption that is limited to  qualitative analysis, 
and this development can make the future predict ing 
study for Hainan build ing energy consumption more 
scientific. 

However, only  26 indicators which impact the 
residential buildings energy consumption are considered 
in this paper. Other indicators have not been taken into 
account, so in the future, we can add more other 
indicators into this model as a correction function.
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Abstract - The phenomenon exist in the reasoning 
process of medical decision-making system are insufficient 
or incomplete information, information singularity, 
imprecise measurement, low reliability, susceptible outside 
interference, which make the inference efficiency and 
accuracy lower in complex medical decision-making system, 
with the existence of risk influencing factor, such as low 
levels of knowledge sharing and human error. In this paper, 
we attempt to build CBR/RBR knowledge base and the 
process of acquainting and transferring knowledge, research 
the decision-making tools based on robustly inference fusion, 
in order to improve the quality and efficiency of health care 
decision-making system. 

Keywords - CBR/RBR, complex systems, fusion 
mechanism, robust 

I. INTRODUCTION 
In recent years, Department of 

Anesthesiology/Critical Care Medicine, Johns Hopkins 
University School of Medicine, Columbia University 
biomedical intelligence professional decision-making and
Cognition Lab, Harvard University  Medical School, etc., 
are carry ing out extensive researches in the field of 
medical and health systems management on how to 
improve the quality of care and reduce the incidence of 
medical procedures to avoid adverse events, improving 
medical decision-
the status quo from the perspective of theory and practice 
and discussing appropriate solutions in deep.  

The relative scarcity of medical resources and 
extremely uneven regional d istribution has become the 
biggest problem restricting the level of medical treatment. 
In 2008 our clin ic visits and hospitalization passengers 
reached 3.108 billion and 114.83 million, massive patient 
medical demand and the relative lack of medical 
resources made a huge conflict. Only real solutions to 

the treatment can really solve the current problems that 
the overall health system quality and efficiency is not high 
in our country, and can high-end medical resources play 
the biggest role in improving the health of the people. 

II. PURPOSE 

The project intends to conduct robust research on 
quality and efficiency of health care decision-making 
system, exp lore the decision-making mechanism of the 
complex health care system, and establish the fusion 
mechanis m of combining static and dynamic, in order to 
improve the quality and efficiency of health care decision-
making system from the perspective of system robustness. 

III. LITERATURE REVIEW 

A. Complex Systems of Information Fusion Model
The issue of vulnerability brought by the uncertainty 

of complex systems of knowledge will show on the 
conflict reasoning, while the use of information fusion 
method will resolve the conflict system. Hall et al . [1] 
(2001) using D-S fusion method successfully solved the 
problem of conflicts of heterogeneous systems, and 
achieved good application effect on decision-making of 
military- Sun R et al. [2] 
(2008) using modified data fusion method based on D-S
evidence theory resolved the data conflict in the system. 
Dasarathy BV [3] (2009) optimized the JDL and made 
Dasarathy functional model, which is capable of in-depth 
analyzing the law and mechanism of integration and good 
to reasoning optimization of complex systems. In China, 
HAN Chong et al. [4] (2006) studied the conceptual 
model of mult i-source in formation fusion using the main 
informat ion fusion model. Wang Xin et  al.  [5] (2008) 
applied the information fusion model for the study of 
complex systems dynamic performance. Pandey B [6], et 
al. (2009) uses intelligent algorithms to study the physical 
characteristics and behavior reasoning information fusion 
between entities. 

B. In formation and Knowledge Acquisition, Transfer 
Process Quality and Efficiency

Process-aware informat ion systems, data mining 
techniques and rough set methods are currently  used to 
obtain system informat ion and knowledge. In order to 
effectively get medical decisions in the system of mult i-
source heterogeneous informat ion, Cao et al. [7] (2004) 
used a human-computer interaction semi-automatic 
knowledge acquisition method based on the theory of 
formal ontology to obtain medical information. Uramoto 
N, et al. [8] (2010) using data mining  approach to explore 
the clinical documentation related knowledge. Reilly et al.  
[9] (2007) improved the transmission channels of medical 
informat ion by eliminating the clinical path of structural 
factors which are not reliable. Meloni, et al. [10] (2009) 
used mutual information technology to reduce the
transmission of informat ion nodes clinical databases, 
achieving a timely and consistent messaging. 

C. CBR/RBR Fusion Reasoning
Taking vulnerability of the CBR-RBR fusion 

reasoning into account, robustness of the system can be 
characterized by the ability to maintain its system when 
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facing internal structure or function of the external 
environment changes (Baker JW [11], 2008), thus the 
system robustness analysis methods will help solve the 
problem of vulnerability of the system. Golding, et al. [12] 
(1996) the first pioneered the use of case similarity 
threshold (RBR/CBR-Hybrid) to solve the problems of 
the rules of singular, reasoning for RBR and CBR 
separately and using decision comparison of competitive 
strategy for both, this is a non-fusion strategy. CBR/RBR 
fusion reasoning method using Harmonic module requires 
expert knowledge in special field Kumar K.A, et  al. [13] 
(2009), while influenced by the human factor in p ractical 
applications. In the case of rule-based retrieval system 
(Tung YH [14], et al., 2010), the ru les clustering method 
effectively reduces the retrieval space and improve the 
retrieval efficiency, but the result may be a non-global 
optimal solution. Luengo [15], et al. (2010) analyzed the 
relationship between the CBR ru le-based reasoning 
system s behavior and knowledge uncertainty, combined 
with the relationship given to build  fusion strategy, but 
did not solve the issue of vulnerability fusion system from 
the perspective of system robustness analysis . Patel VL 
[16] et al (2009) pointed out that RBR will continue to 
play an important role in the future of health care 
decision-making system. 

IV. RESEARCH ON FUSION MECHANISM OF CBR / 
RBR AND KNOWLEDGE FUSION DECISION-

MAKING TOOLS 

A. C1: Decision-Making Processes in Complex Medical 
Decision-Making System CBR/RBR Fusion Mechanism

Due to the uncertainty, multi-criteria setting, 
complexity and other characteristics of decision-making, 
there is a need for the study of mult i-source decision-
making informat ion collected through a variety of 
informat ion channels of complex medical decision-
making system, such as the transfer mechanism and their 
integration in a heterogeneous space reasoning mode 
(Fig.1). Th is study uses a broad spatial data structures, 
such as the integration space for knowledge representation. 
On the one hand study its static structure, on the other 
hand, use functional methods to study its dynamic 
performance. Comprehensively study the information 
field of energy spatial decision the harmonic maps and 
collaborative optimization pass laws medical decisions 
knowledge acquisit ion and knowledge reasoning, etc., as 
shown in Fig.2. 

C1-1:Description of decision-making information using 
mathematical in the uniform convergence space

C1-2: Static structure in heterogeneous fusion space

C1-3:  Dynamic performance in heterogeneous fusion 
space

C1-4:  CBR/RBR fusion reasoning model under system's 
endogenous factors

C 2 -1 Construction of CBR/RBR knowledge base and 
process of acquainting and transferring of knowledge

C2-2 Process of CBR/RBR fusion reasoning 
and Practical decision-making tools

C2-3 Measuring tools and operational processes of 
robustness criteria

C 2 -4 Theoretical framework and practice processes of 
robust decision

Unitary
space

Collaborative 
optimization

Information 
entropy& Mutu
al information

Nearest neighbor 
algorithm

Neural network 
algorithm

Vague set 
approach

Harmonic
maps

Bayesian network 
approach

Collaborative 
decision - 
making 
method

Rough set 
approach

Algorithms
group and 
simulation

C1 CBR/RBR fusion mechanism in the decision-making 
process of complex medical systems

System Analysis

Methodology

C2 Knowledge fusion decision-making tools based on 
the method of robust

Problem description and 
analysis of the CBR/

RBR basic model

Reasoning mechanism of 
CBR/RBR information 

fusion

Information resource 
sharing system based on 

information fusion

Simulation & 
Verification

Experiments & Summary

Decision-making tools

Platform build
Experimental study

Analysis by the logical 
relationship

Analysis by research 
contents

Analysis by 
research Methods

Fig.1. Research content and method of CBR / RBR and knowledge fusion decision -making tools 
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Static structure

CBR / RBR information fusion 
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Integration 
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Dynamic 
Performance

Knowledge
Representation
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Information 
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Conflict 
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Fig.2. Complex medical decision-making process of the system 
CBR/RBR fusion mechanism 

C1-1: study the decision-making informat ion which 
is mathematically described in a unified fusion space, 
including uncertainty, uncontrollable and heterogeneous 
characteristics of the information element;  

C1-2: study the static structure of heterogeneously 
integrated space, such as the correlation and mapping 
relationship between knowledge source, unstructured 
characterization of tacit knowledge, etc.; 

C1-3: study dynamic performance of the 
heterogeneous integration of space, such as information 
channel, information path distance and the information 
transfer function when fusion space is seen as a field of 
informat ion, as well as the transfer cost, quality and 
efficiency and other factors of decision-making 
knowledge in the information field.  

C1-4: Study CBR/RBR fusion reasoning model 
influenced by endogenous factors in the system, 
segmentation studies include: identification and 
classification of system the endogenous factors , reasoning 
informat ion acquisition and transfer law, pure, integration 
and fusion model of CBR and RBR hybrid reasoning 
mechanis m, and the convergence space resource strategy 
in the separation and conflict resolution mechanism.  

B. C2: Research and Development of Knowledge-Based 
Decision-Making Tool Integration Robust Methods  

For China's national conditions aiming at the 
problem of relatively scarce medical resources and set up 
community health care policy, this study intends to 
establish a medical knowledge decision-making tool set 
support platform based on robust fusion, to further 
improve the quality and efficiency of medical decision-
making research. Th is study will cooperate with hospital 
in international leading level, such as Tianjin Teda 
international cardiovascular hospital in medical 
knowledge sharing and management decision-making, the 
robustness of the empirical research system quality and 
efficiency of health care decisions. Development of this 
study was to establish the medical decision-making case 
base and rule base, knowledge acquisition and transfer 
modules, embedded integration reasoning module, 
vulnerability identification, interference transfer module 
and robustness criteria group decision-making modules, 
etc. The study can be decomposed into specific points:  

C2-1: Build CBR/RBR Knowledge acquisition and 
transfer of knowledge and processes; 

C2-2: Development CBR/RBR fusion reasoning 
processes and practical decision-making tools;  

C2-3: Design and Development robustness criteria 
group measure tools and operational processes;  

C2-4: forming a theoretical framework and practical 
decision-making process robustness. 

C. Problem description and CBR/RBR basic pattern 
analysis 

With the statistical tools and data mining methods, 
the data from the medical field and typical patient cases 
could be analyzed. The results of analysis is used to 
extract the key in formation in a medical emergency 
process, and also the results is helpful to understand the 
system complexity of the medical emergencies, the state 
space of information, the state awareness, heterogeneous 
spatial data structure, expression and synergistic 
integration of medical knowledge, detail description of 
system informat ion. Medical decision-making system and 
vulnerability researches under the knowledge sharing 
environment with time constraints is based on this section. 
Finally, temporal information t ransfer efficiency, and the 
source and the interference frequency of multi-task 
information transfer could be presented in this analysis. 

In the multi-source heterogeneous information 
integration and data associated research, C1-1 uses 
methods such as neural network data association (NNDA) 
and joint probabilistic association method (JPDA) to 
integrate and associate the information about diagnostic 
decisions, sparse target, high density medical decision 
making environment. C1-2 can be used to abstracting the 
classifying the mult i-source heterogeneous information 
sources in the medical process, building the relat ionships 
among the information, separating the incomplete, 
disordered, and random information, intensively 
identifying effective information, dealing it with fuzzy 
optimization process, and finally to achieve 
comprehensive integration and correlation of multi-source 
heterogeneous information. C1-3 focuses on CBR/RBR 
basic model, such as a simple CBR or RBR reasoning 
model, CBR/RBR binding model, CBR/RBR mixed 
model and CBR/RBR integrated model, which can be 
used to analyze their reasoning applicable conditions in 
decision-making, advantages and disadvantages of 
reasoning results as well as the internal mechanism of the 
reasoning process. 

V. CONCLUSION 

CBR/RBR information fusion mechanism mainly 
focused on the research of intelligent integration model 
and reasoning algorithm based on CBR/ RBR. Through 
building informat ion fusion RBR rule repository based on 
Vague sets rules, repository-based CBR cases and 
medical experts repository of information and on-site 
control of the expected feedback information for 
comparison, adjustment and processing, integration of 
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multi-parameter information and determine and solve 
system problems with real-time processing and uncertain 
factors.  

CBR/RBR fusion model is used to build the 
reasoning mechanism of medical process through 
researches about intelligent integrated reasoning 
algorithm such as CBR/ RBR, Bayesian networks, and 
dynamic fuzzy neural network. Th is section of research is 
an important reasoning model and method on medical 
decision-making system and vulnerability researches 
under the knowledge sharing environment with  time 
constraints. 
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Abstract - To solve the data interaction fault of three-
dimensional CSAMT model, a three-dimensional selection 
algorithm of survey lines is proposed. The survey lines are 
generated in a batch, based on the pre-given direction and 
distance error. By comparing the distances of survey points 
with the error, a series of survey lines can be formed by 
turns. The computing load is primarily concentrated on the 
sort of distances of survey points. In addition, we introduce 
an interactive mode of the sounding curve for single survey 
point displayed in a group of one survey line. The outliers of 
the observation data curve can be revised by intercepting, 
when editing the sounding curve of one specific point. 

Keywords - CSAMT, interactive mode, survey line 
selection, sounding curve 

I. INTRODUCTION 

 The Controlled Source Audio-frequency 
MagnetoTellurics (CSAMT), which  has high reliab ility 
and is less affected by environmental factors because of 
the powerful artificial source, plays an important role in 
ore explorat ion [1-2]. It has been successfully used in a 
series of explorat ion areas, such as metal min ing, 
petroleum, geothermal resources and groundwater since 
its inception [3-7]. 
 However, in actual measurement, observation data 
will still be affected by the some environmental factors, 
such as the location of survey points  [8]. As a result, some 
outliers will be introduced to the data, which make 
forward and inversion and other related works cannot be 
carried out properly after data collect ion. Moreover, the 
data whose magnitude is pretty high make it necessary to 
use computer to identify  and modify the outliers. At 
present, American SCSINV two-dimensional inversion 
tool and a piece of software for one-dimensional inversion 
developed by the Phoenix-Geophysics Company in 
Canada are the most popular ones used in the CSAMT [9-

10]. To deal with the interaction problem involved, a user-
friendly interactive mode is proposed when we ed it the 
multi-parameter sounding curve of a single point.  
 Before our discussion of this interactive mode, we 
also present a selection algorithm of survey lines based on 
a rectangular point map. The multi-parameter sounding 
curves of a single point are often  browsed as a group of 
survey line, so selecting survey line from a large number 
of survey points is a fundamental work. Therefore, an 
efficient selection algorithm for lines will be very 
necessary. 

II. SELECTION ALGORITHM 
A. Algorithm flow  

 This algorithm selects a cluster of points to form one 
survey line which is called based on a given slope in the 
coordinate system. It is a survey line that forms when a 
row of survey points just stand in line in  the plane or they 
can be consider to be in line within the given error range. 
Forming strategic of survey line is introduced as follows. 

 Assume that there forms a dot matrix of m·n. Take it 
for example when the slope of the survey line is greater 
than 0. We choose the top left (or bottom right) point as 
the initial survey point, through which the first survey line 
is formed at the given slope. Then, calculate all values of 
distance ( 1,2,..., , 0)i id i m n d between the init ial line 
and each point in dot matrix, and sort in ascending order 
according to the distance. Especially, the distance from 
the initial point to the first survey line is zero. 

 Under control of the particu lar error value, select 
those points whose distances are less than the error and 
add them to the initial survey line, that is to say those 
points is regarded as components of the initial line. After 
the selection, pick up the first point that has not been 
added to the initial line, whose distance d is beyond the 
specific error . Then take it as our start point to form 
next  survey line. Same as mentioned, add the rest points 
to a second survey line whose distances are within the 
same error, so the next  line completes. Repeat the method 
before, until each point in the dot matrix belongs to a line 
in turn. 

 If the slope is lower than zero, we take the bottom left 
(or top right) point in the dot matrix as the first survey 
point, then calculate the initial line through that point in 
the given slope. Especially, when the slope equals to zero 

e same 
y-axis (or x-axis) to one survey line in turn. Algorithm 
flow is shown in Fig.1.
 As is shown, in the process of algorithm a series of 
survey lines will form based on information of survey 
points and the specific slope. The position of a survey line 
is defined by  the start point and other points whose 
distances are within the error are added to the line like a 

[11]. In order to improve the efficient of the 
algorithm, we sort the distances between the initial line 
and each point in dot matrix to filter points that meets our 
requirement. When a new survey line is complete, we 

the error by adding current error a value of distance 
between the last survey line and the current one instead. 
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Fig.1. Algorithm flow chart  

The algorithm itself just adapts to the selection of dot 
matrix or t idy shape. But in the real exp loration, survey 
points are usually placed in a dot matrix shape [12]. 

B. Time complexity analysis  
 In this section, we analyses  the time complexity  of 
the algorithm. O is a method of incremental representation 
of time complexity  [13]. Assuming that the input size of 
algorithm is n, which means the amount of points is n.
Then start the analysis. 
 Firstly, read the point set and select the top-left (or 
top right) point according to slope. This will take O(n).
Then the time complexity  of calculating the distance of 
each point to the initial survey line is  O(n). Afterwards, 
sort the list of d istances in ascending order using the most 
efficient sort algorithm, such as quick sort [14]. Time 
complexity  of the sorting process is  O(n log2n). But as 

distances between rest points and the current survey line 
when new survey line is complete. On the contrary, just 
update the value of error   by adding a d istance value of 
last two survey lines. The time complexity will be 
decreased from O(n (n+1)/2) to O(n). Therefore, including 

the sorting process, the average of time complexity 
reduces from O(n (n+1)/2) to O(n log2n) with the best 
condition of O(1). A more detailed t ime complexity 
analysis of each stage of the algorithm is showed in Table 
I. 

TABLE I 
THE TIME COMLEXITY 

STEP
Condition

Best Worst Average
Select the initial point O(n) O(n) O(n)
Calculate distances O(n) O(n) O(n)

Sort distances O(n log2n) O(n2) O(n log2n).
Form survey line O(n) O(n) O(n)

Update error O(n1/2) O(n) O(n)
Total O(n log2n) O(n2) O(n log2n)

III. THE INTERACTIVE MODE 

A. Introduction of multi-parameter sounding curve 
 Based on the data of one measuring point surveyed by 
CSAMT in different frequencies, we can get multi-
parameter sounding curve of the corresponding point. The 
data here can be the electric field strength as well as the 
magnetic one. It reflects the electric d istribution of 
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underground layers, which contributes on subsequent 
multidimensional forward and inversion [15-16]. 
 When modeling the curve in coordinate system, we 
let the data of one parameter, namely the electric field 
strength or magnetic one, to be on the x axis and the 
frequency data to be on the y axis. Because the whole 
curve has already been depicted on the screen, it  will be 
possible to identify  wrong data fast and accurately by 
considering the overall tendency of the curve. After the 

can help researchers to correct outliers effectively. 
Obviously, this curve model will support researcher to 
find out outliers easily and rectify them accurately and 
efficiently. 

B. Curve characteristics 
In CSAMT, the electric field strength (E) and the 

magnetic field strength in (H) of the field stimulated by 
galvanic couple in homogeneous half space are two 
important parameters. And in th is condition, only  Ex,
which represents the electric field  strength in x-direction 
and Hx which represents the magnetic field strength in z-
direction can reflect the underground electrical structure 
to maximum extent [17]. So we just put those two 
parameters into consideration. According to Maxwell 
Equations and Wave Equation in the condition of
homogeneous media, the electric formula of 
homogeneous half space is given below [17]: 
               1 2

13 1 3cos 2
2 r

ik r
x

I ABE e ik r            (1) 

The magnetic equation of homogeneous half space is : 
1 2 2

1 14
0

sin 3 3 3
2 r

ik r
z

iI ABH e ik r k r    (2)  

In those two formulas, symbol I is the current intensity 
stimulated by galvanic couple and AB is the distance 
between two sources of a galvanic couple. Symbol  is 
the subsurface resistivity. Symbol 0 is the magnetic 
permeability of rocks. Symbol r denotes distance between 
each measuring point and the field source. Symbol 
represents the angular frequency of electromagnetic 
waves and its formula is: 

2
T

                                    (3) 

where T  is the cycle of electromagnetic waves. 
In addition, symbol  is the angle between the 

galvanic couple and the axis  of the earth. Symbol k1 is a 
constant of the wave and the formula is : 

1 0 1k i       (4) 

And also, the cycle T can be represents by the 
formula: 

1T
f

                                (5) 

As a result of (3), (4) and (5), (1) and (2) can be 
written as follows: 

            

0 1

3

2 2
0 1

2 r

1 2 3cos 2

x

ir i f

I ABE

e ir i f

         (6) 

0 1

4
0

2 2
0 1 0 1

sin
2 2

3 3 2 2 3

z

i i f r

iI ABH
fr

e ir i f i f r

         (7) 

According to (6) and (7), we can concluded that the 
curves of Ex and Hx are smooth and continuous, and are 
derivable at any points where the value of frequency is 
larger than zero (f>0). Fig.2 shows two curves of Ex,
which are apparently smooth and continuous. 

Fig.2. Smooth curves 

Fig.3. Abnormal curves 
However, because of the outliers brought by CSAMT, 

the curve may not be completely smooth-the curve would 
not be derivable in some points. Fig.3 depicts the 
abnormal curve caused by the brought-in outliers. 

C. Interactive mode 
last 

can accurately revise the outliers. We, now, will use the 
first curve showed in Fig.3 as an example to illustrate this 
interactive mode. 

Firstly, select the curve that you want to edit. After 
that, a vertical line, which is used for later correction, will 
be showed in the left of this curve. Fig.4 demonstrates this 
situation. Then move this line to targeted location, where 
the points located in right side should be on this line after 
correction, using left  and right keys of keyboards (showed 
in Fig.5). Finally, correct the selected curve. After the 
correction action, all po ints in the right of the interception 
line will be reset on the line. As a result, the observation 
data of points whose data values are large than the value 

value (showed in Fig.6). 
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Fig.4. Interception

Fig.5. Moving line 

Fig.6. Correction
However, when we edit such curve showed in Fig.7 

(the first line) that the abnormal data value is less than the 
expected right one, these three steps mentioned before 
would not realize our correction work. Base on this 
problem, we also propose another operation conducted on 
the abnormal curve  reversion (showed in Fig.8). 

After the reversion operation, the three steps 
mentioned before can ach ieve the correction work. The 
result is demonstrated in Fig.9. And finally, reverse the 
targeted curve again to the original place as showed in 
Fig.10.

Fig.7. Abnormal curve (the first  line) 

Fig.8. Reversion 

Fig.9. The result of correction before final reversion 

Fig.10. The result of correction after final reversion 

IV. CONCLUSION 

 In this paper, to puzzle out the efficiency problem of 
selecting survey lines faced in the process of modeling 
CSAMT observation data on computers, we design an 
efficient selection algorithm. We clarify a reasonable 
survey-line-selection strategy and avoid constantly 
updating the value of distance from each survey point to a 
specific survey line by resetting the error instead. The 
time complexity of this algorithm is  O (n log2n).
Meanwhile, we also brought up a friendly interactive 
mode to solve the data-editing difficulty. We propose a 
strategy grounded on the interception to edit the curve. 
And this editing style holds the advantage of batch edition 
and simple procedure. 
 Our work suggests some fantastic directions for 
further study. For example, designing new survey line 
selection strategies and then, based on this scheme, 
realizing effic ient selection algorithm of survey lines, can 
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improve the efficiency of selection further. Additionally, 
devising more friendly interaction mode of other kinds of 
data curves in terms of their features would  be a direction 
that is worth researching deeply. 
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Abstract - This paper first introduces modeling theory 
of GM (1,1) grey equidimensional filling vacancies, and 
establishes GM (1,1) grey forecasting model of 
equidimensional filling vacancies by using power demand 
load of Shan Dong Province from 2004 to 2011, then 
forecasts power load demand of Shan Dong Province in 2012 
and 2013 for two years. When compared with the actual 
electricity load, that grey forecasting model of 
equidimensional filling vacancies has high accuracy in long-
term power load forecasting. 

Keywords - GM (1, 1), grey theory, grey forecasting 
model of equidimensional filling vacancies, power load 
forecasting

I. INTRODUCTION 

power industry, power load forecasting techniques have 
increased more attention, and become an important field 
of power systems. Load forecasting is a scientific basis 
for decision-making. To some extent, long-term load 
forecasting results determine the future development of 
power system planning period. Currently, the electricity 
market  is in  the phase of reform, h igher requirements will 
be put forwarded after reform of the electricity market  for 
long-term load forecasting. Therefore, the precision of 
load forecasting for power system development is of great 
significance [1-4]. 

Currently  the forecast for the load has got a more 
systematic study. Recently, there are several methods of 
studying electricity load forecasting technology: Trend 
extrapolation forecasting technique, Regression model to 
predict technology, Time series forecasting techniques ,
Grey Prediction and so on. Among them, because of its 
small sample size, the higher prediction accuracy, Grey 
prediction technology has been widely  used in the short, 
medium and long-term power load forecasting. On this 
basis, there are many applications have been proposed to 
improve the grey prediction to predict the load. While, 
GM (1, 1) models has its limitations  as other forecasting 
methods. When the data greater than the degree of 
dispersion, that is to say, the greater the grey scale data, 
the prediction accuracy worse; and it is not suitable for 
predicting long-term forecast for several years. There are 
some improvements in the GM (1, 1) model [5-7], for 
example, the use of genetic algorithm, Particle swarm 
optimization model fo r the grey model. This combination 
of GM (1, 1) model with the other-dimensional grey-scale 
to predict the power load is designed and it is fully 
demonstrated that the improved Grey  GM (1,  1) model 

can improve the long-term load forecasting accuracy than 
the traditional one [8-10]. 

II. LITERATURE REVIEW 
In 1982, Professor Deng Julong, a famous scholar in  

China, p roposed and developed Grey system. When 
modeling the grey  model of load forecasting, we usually 
use historical data to establish differential equations,
which is used as the power load forecasting models. As 
the power load, there are many uncertain factors affect the 
system load changes, which is called gray system, so the 
performance does not seem to load change law. With the 
help of Grey theory, these seemingly erratic historical 
data, after generated by the cumulat ive, showed a clear 
exponential growth  law compared with  the original value.
At the same t ime, differential equations have the form of 
exponential form. Therefore , after the use of differential 
equations to fit exponential growth to generate regular 
data column, then conducting the load forecast, the final 
regressive reduction method to generate the actual load 
forecasts. GM (1, 1) model is  one of the simplest models
in gray system theory [11, 12]. 

Deng (1982) focuses on model uncertainty and 
informat ion insufficiency in  analyzing and understanding 
systems via conditional analysis, prediction and decision-
making. The Grey  method has numerous applications, as 
any issue of the Journal of Grey System will testify. 
Extensive research has been done to attempt to explain the 
phenomenon of geography, geology, agriculture and 
earthquakes. Meanwhile, other researches  have studied 
social phenomenon including financial operating 
performance, stock markets, supply and demand for 
electronic power, and the market for air travel and 
management decisions. The GM (1,  1) model uses the 
most up-to-date data to predict future values, and poor 
forecasting may result when the data are random with 
central symmetry. In this paper, GM (1, 1) 
equidimensional filling vacancies model is applied to 
predict load, the effectiveness of which is verified  by a 
real case of computation [13-16]. 

III. METHODOLOGY 

A. GM (1, 1) Model 
The GM (1, 1) is one of the most frequently used 

grey forecasting models, which was developed by Deng 
(1982). 

Step 1: Assume the original series to be X(0)
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(0) (0) (0) (0)
1 2( , ,..., )nX x x x                                   (1) 

Where n is the observed number. 
Step 2: A new sequence (1)X is generated by the 

accumulated generating operation (AGO). 
(1) (1) (1) (1)

1 2( , ,..., )nX x x x                                   (2) 

Where (1) (0)

1
, 1, 2,...,

t

t i
i

x x t n

Step 3: Establish a first-order differential equation

                                                     (3) 
Step 4: From step 3, we can have  

                      (4) 
Where 

Step 5: By applying the inverse AGO (IAGO) 
(0) (1) (1)( 1 ( 1) ( )x t x t x t  to (4), the 

predictions for original data series can be obtained: 

(0) (0)
1( 1) (1 )( )a akux t e x e

a
, t=0,1,2...  (5) 

B. GM (1, 1) Equidimensional Filling Vacancies Model 
Type primary headings in capital letters roman  

(Heading 1 tag) and secondary and tertiary  headings in 
lower case italics (Headings 2 and 3 tags). Headings are 
set flush against the left margin. The tag will give two 
blank lines (26 pt) above and one (13 pt) beneath the 
primary headings, 1½ b lank lines (20 pt) above and a ½ 
blank line (6 pt) beneath the secondary headings and one 
blank line (13 pt) above the tertiary headings. Headings 
are not indented and neither are the first lines of text  
following the heading indented. If a  primary  heading is 
directly fo llowed by a secondary heading, only a ½ blank 
line should be set between the two headings. In the Word 
programmed this has to be done manually  as follows: 
Place the cursor on the primary heading, select Paragraph 
in the Format  menu, and change the setting for spacing 
after, from 13 pt to 0 pt. In the same way the setting in the 
secondary heading for spacing before should be changed 
from 20 pt to 7 pt. 

Because of the first-order differential equation which  
is used in Gray GM (1, 1) model is exponential; GM (1, 1)
model is applied to a strong exponential load forecasting. 
But it requires the data is equidistant, adjacent, no 
jumping, and requires the latest data as a reference point, 
the earliest data is dispensable, but the latest data to be 
added. For these reasons, the application of Gray GM (1,1) 

Model is limited. So in this paper, the author would work 
to improve this.

The essence of Grey forecasting model of 
equidimensional filling vacancies GM  (1, 1) is to get each 
new forecast data into the original data, while removing 
one of the earliest data, thereby maintain ing the same 
number of data. Then, use the sample sequence with the 
times to rebuild gray GM (1, 1) model to predict the next 
value. Repeat the above process, forecast one by one, 
elected one by one. When using it to predict, it can 
replenish the use of new informat ion and increase degree 
of gray plane albino. Finally, load forecasting accuracy 
will be improved significantly. The modeling process is as 
follows: 

First of all, handling the data respectively by 1-AGO 
and 1-IAGO as the traditional GM (1, 1) model, then the 
corresponding time series is obtained.  

By 1-AGO and 1-IAGO as the traditional GM (1, 1) 
model, then the corresponding time series of GM (1, 1) 
model is as following. 

The original sequence and other by-dimensional 
grey-scale dynamic process:

Remove        , add (1) ( 1)x n . Thus, the original data 
sequence becomes: 

Based on this adjusted data sequence, re-use the 
traditional GM (1, 1) model to predict the next value. 
Finally, repeat the above steps until the final demand 
forecast results is satisfied. 

IV.THE CASE STUDY 

A. GM (1, 1) Model 
There are sufficient power resources in Shandong. 

By the end of 2004, the province s power generation 
installed capacity reached 32.92 million kilowatts, the 
total electricity  consumption to complete 164 billion kWh.
As of the end of 2006, the province s total installed 
generating capacity reached 50.05 million kilowatts.  The 
province s electricity supply and demand relative tends to 
the overall ba lance of the surplus, showing the trend of 
oversupply. Shandong Power Grid is the only province in 
the six that has independent power grid. Therefore, we 
selected Shandong Province as objects for analysis. In the 
modeling process, we selected electricity consumption in 
Shandong Province from 2004 to 2011 as the raw data, 
and the 2012, 2013 electricity consumption data as two 
years of testing the merits of the standard model. The 
power consumption of Shandong province from 2004 to 

(0) (1) (1)1( 1) ( 1) ( )
2

x k a x k x k u

(0) (1) (1)

(0)

( 1) ( 1) ( ) (1 )

(1) ( 0,1,2,..., 1)

a

ak

x k x k x k e
ux e k n
a

(0) (1)x

(0) (0) (0) (0)(2),..., ( ), ( 1)x x x n x n
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2013 as Table I: 
TABLE I 

 THE POWER CONSUMPTION OF SHANDONG PROVINCE FROM 
2004 TO 2013 UNIT: KWH) 

Year 2004 2005 2006 2007 2008
Throughput 1000.71 1104.53 1241.74 1395.72 1639.92
Year 2009 2010 2011 2012 2013
Throughput 1911.61 2272.07 2596.05 2726.97 2941.07

(Date from China Bureau of Statistics) 
After using matlab  to get the original series and after 

series of accumulated generating trends, the exponential 
growth trend can be found. That is to say, we can use GM 
(1, 1) to predict.  

With the help of mat lab, the results could be 
calculated as below (Fig.1): 

Therefore: 

Fig.1. The fitt ing value of GM(1,1) model and the original data 
From 1-IAGO to get the grey prediction model that 

is: 

The original data and the predictive data from 2004 
to 2011 for Shandong as Table II:  

TABLE II
GM (1, 1) PREDICTIVE VALUE, ACTUAL VALUE AND THE 

RESIDUAL 
Year Original data Forecast Residual
2004 1000.71 913.68 -87.03
2005 1104.53 1060.10 -44.43
2006 1241.74 1229.98 -11.76
2007 1395.72 1427.09 31.37
2008 1639.92 1655.78 15.86
2009 1911.61 1921.12 9.51
2010 2272.07 2228.99 -43.08
2011 2596.05 2586.19 -9.86

Avoid combining SI and CGS units, such as current 
in amperes and magnetic field in worsteds. This often 
leads to confusion because equations do not balance 
dimensionally. If you must use mixed units, clearly state 
the units for each quantity that you use in an equation. 

B. GM (1, 1) Equidimensional Filling Vacancies Model 
Predict the 2012 and 2013 loads of Shandong 

Province with other by-dimension method improved gray 
GM (1, 1) model. The results are as Table III:

TABLE III
COMPARING THE PREDICTIONS BETWEEN TRADITIONAL GM 
(1, 1) PREDICTIONS BETWEEN TRADITIONAL GM (1, 1) AND

IMPROVED MODEL 

Traditional Grey Model
Year Real value Forecast Residuals Residual rate
2012 2726.97 3000.63 273.66 10.0353%
2013 2941.07 3481.49 540.42 18.3749%

(CONTINUED) 
Improved Grey Prediction Model   

Year Forecast Residuals Residual rate
2012 3000.23 273.26 10.0206%
2013 3479.72 538.65 18.3148%

There are two indicators about difference test after 
test: poor ratio of posterior c  and small error probability 
p . is smaller, the model is is greater, the 

model is better. 
TABLE IV

ACCURACY ASSESSMENT MODEL

Accuracy class p c
First grade: Good >0.95 <0.35
second grade: Qualified >0.80 <0.5
Third grade: Reluctantly >0.70 <0.65
Fourth grade: Failure <=0.70 >=0.65

Table V 
THE POSTERIOR MARGIN OF THE TWO MODELS  

p c
Traditional GM (1,1) model 3.62 0.06767
Improved GM (1,1) model 4.28 0.03999

From the Table IV and Table V, we found that the 
accuracy of the improved model was better than the 
original grey model. However, the accuracy of the 
improved model was better than the one with 
improvements. Improved gray model for 2012 and 2013
achieved significantly higher accurancy than the 
conventional gray prediction. 

V. CONCLUSION 

There are many factors affect power load which  
belongs to the gray areas of the system. In this paper, the 
author improved GM (1, 1) model and introduced grey 
forecasting model of equid imensional filling vacancies.
At the end, the author predicted the Shandong Province in 
2012 and 2013 the electricity load by using the improved 
GM (1, 1) forecasting model, and compared the results 
with the actual electricity load. However, the greater the 
need to predict the amount, the greater the computation it
is. For this reason, the model still needs to be improved. 

0.14864
834.51820

a
A

u
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Abstract - This paper discusses a new 
decision-support system that integrates data warehouse, 
knowledge warehouse and model warehouse. Contrast to 
the fixed model of the old decision-support system and it s
limited application, the new system can overcome the 
shortcoming of the old system efficiently, and also it can 
simplify model-obtaining and coding. So the new system 
strengthens the effectiveness, intelligence and efficiency of 
the decision. 

Keywords - Decision-support system, data warehouse, 
data mining, knowledge warehouse, model warehouse

I. INTRODUCTION 

Although DSS (Decision-Support System) can  
supply timely, accurate and scientific information, the 
most advanced SDSS (Spatial Decision Support System) 
has defects [1]. SDSS integrates the traditional and the 
new DSS (including data warehouse, OLAP (On-Line 
Analysis Processing), data mining, data base, and ES), 
so it can solve many questions. But due to the fixed 
model of the model warehouse, which cannot adjust 
according to the change of the condition parameter, the 
application of the SDSS is limited [2, 3]. So the paper is 
tries to introduce a new decision-system system that is 
based on the data warehouse, knowledge warehouse and 
model warehouse. The new system can  update the 
knowledge of the knowledge warehouse freely by using 
knowledge warehouse and date warehouse. And also the 
new system can strengthen the effectiveness, intelligence 
and efficiency of the decision by the management of the 
MWMS and the study of the system. 

II. MAIN MODULES  

The system is composed of model warehouse, 
knowledge warehouse, method base, data warehouse, 
OLAP and data mining modules.  

A. Model Warehouse  
Model warehouse has the following functions: 

management with classificat ion, memory the necessary 
model (including using date-mining model) and 
comprehensive model parameter (in order to choose out 
the proper model) [4]. Machine-detecting technology 
integrated the artificial intelligence (AI) can accomplish 
model creat ing by computer by simulating the data of 
the date warehouse/ database. The Self-study algorithm 

by the nerve network of the model-study can adjust the 
model fine and update the parameter to get the optimal 
practical model, so the model can keep in chorus with 
the fact. Flexib le software development technology 
integrated Software Engineering supports model-coding. 
Model management system is to manage model of the 
model system and to call/operate model. 

Feedback 
circulation 
circulatio

Data, knowledge 
extraction / access 

module

Knowledge worker

Knowledge Warehouse

Data, knowledge Transform / 
loading

Various data Data Extraction

Analysis of knowledge 
platform

Interactive 
management / user 

interface

Recognition module

New explicit knowledge 
feedback circulation

Users

Fig.1. knowledge warehouse system

B. Knowledge Warehouse 
Knowledge Warehouse has the function of 

obtaining, clearing/transforming/coding, organizing, 
memorizing, ad justing, and propagating knowledge [5].
KW can accomplish the function by expanding system 
structure of the date warehouse. KW is composed of six 
components. Knowledge/date-obtaining module. It 
is to switch recessive knowledge to dominant knowledge, 
which is to say to get recessive knowledge from 
decision-maker. Two feedback loops. One is 
between knowledge-obtaining module and 
knowledge-memorizing module. The other is between 
Extract-Transform-Load (ETL) module and mutual 
management module. And it is to memorizing the 
knowledge, which has been verified by the system and 
to update knowledge warehouse timely. ETL 
module. It is similar with the corresponding module of 
data warehouse. Knowledge warehouse module. 
One of the main components is Knowledge Base 
Management System, which accomplishes the analysis 
both by knowledge warehouse and model warehouse. 

Analysis worktable. It is composed of task 
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controlling, conclusion getting and 
technology-Management modules. Interface module. 

interface. The knowledge warehouse system is as 
following Fig.1.

C. Method base 
Method should be based on the model and be 

adjusted according to the model in order to calculate. 
But one model can have several methods [6]. Method 
base is to supply method for DSS problem model to 
calculate. And method base management system is to 
add, delete, rev ise and search method and to give service 
for model solving. 

D. Data warehouse and OLAP 
OLAP is one kind of data warehouse application, 

and it is based on data warehouse [7]. So it can provide 
decision-makers with analysis results by analyzing and 
handling. Data warehouse organizes data according to 
function requirement, the use and granularity of DSS. 
The key point of OLAP is how to organize data to 
satisfy user s multi-dimension data analysis. 

E. Data-mining 
Data-mining module is to mine data to get the 

needed knowledge according to  the model, method and 
knowledge provided by relevant warehouse. And the 
result of data min ing can be used as new knowledge and 
model to solid knowledge warehouse and model 
warehouse. 

F. Problem solving and interactive system 
Problem solving module is to solve problem by  

using knowledge, model, method and knowledge of 
relevant warehouse. Non-structure problem, which 
cannot be structured, may be solved by deduction 
system. 

III. THE FRAMEWORK AND STRUCTURE OF 
NEW DECISION-SUPPLY SYSTEM 

Fig.2 is the structure of DSS, which integrated DW, 
KW, MW, MB, OLAP, Data-mining and Problem 
Solving system. Data min ing, knowledge-deduction 
center, model-creating units of model warehouse are the 
intelligence center of DSS which strengthens 
intelligence property of DSS. And problem solving and 
interactive system are the function center. 

DSS comprises three main  parts. The first one is 
the integration of MW system, DS system and DW 
system. And it is the basis of decision-support system to 
provide assist decision-making informat ion of 
Quantitative analysis (Model Calculation). The second 

one includes DW and OLAP, which ext ract spatial data 
and information from DW. The third one is the 
integration of experts system and data min ing system. 
Data mining  mines knowledge from DB and DW and
puts it into knowledge warehouse of experts system, 
then experts system analyzes. The three parts are 
integrated. Users can choose one part for decision, either 
two or three according to the fact. The traditional DSS 
chooses the first part, IDSS chooses the first part and the 
third part, and the new DSS chooses the second part and 
data mining of the third part. The new DSS integrates 
the three parts by using problem solving and interactive 
system can give better assist decision-making decision. 

Users

Problem solving and interactive system

Methods Warehouse 
Management System

Methods warehouse

Model Warehouse 
Management 

System

Model Warehouse

Knowledge management 
system reasoning machine

Knowledge Warehouse

Data Warehouse 
Management 

System

Data Warehouse 

Data Mining

Decision-making 
information

Knowledge information

OLAP

Bottom frame

Fig.2. Integrated DW, KW, MW of DSS architecture diagram
Generally speaking, three integrated parts; three 

warehouses and the application of closed cycle free back 
and the introduction of MW system is  the characteristic 
of the framework, which makes it more intelligent. 

IV. KEY TECHNOLOGY TO ACCOMPLISH THE 
DECISION-SUPPORT SYSTEM 

A. Data mining and text mining 
Data mining is to find out unobvious pattern and to 

acquire needed knowledge in  order to help enterprises
make decision more scientific and more accurate by 
analyzing and handling large number of data. Text  
mining is to acquire valuable information from all kinds 
of text  in formation. The text  source can be Web, fax, 
E-mail, example and other kinds of text . The 
decision-makers can extract useful informat ion 
according to rules and guides who have been defined 
advanced to make decision. 
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Fig.3. Product qualities pursues every branch factory comparatively

B. Modeling 
Workers should define objective function, decision 

variables and its  weight. They also should make defin ite 
restrictive conditions and coefficients of variab les 
according to the decision variables. So the model that 
comprises the elements (decision variables, coefficients, 
restrictive conditions and objective function) can  reflect 
the invisible knowledge obviously. 

C. Decision-support tools 
It is the tool which uses existed knowledge to help 

make decision. It needs much technology and tools, 
including AI, expert system, software engineering, 
knowledge search tool, knowledge exp lain ing tool and 
multi-dimensional tool and so on [8]. 

D. Intelligence-support technology 
It includes:  Model warehouse system should 

be designed to accomplish it s function.  Interface: 
All parts are jointed by interface. Model, data and 
knowledge are separated parts that should be integrated. 
So the interface is very important. Interface should have 
the function of saving and extracting data, calling and 
operating the model, and knowledge reasoning. 
System integrated: an integrated system should integrate 
all parts by words according to the fact. 

V. EXAMPLES 

Here is an example fo r a domestic large-scale  
machinery limited corporation. The old quality 
management decision-support system of the corporation 
cannot adjust effectively due to the fixed model 
coefficients and cause low efficiency [9, 10]. In order to 
increase production the decision must be changed. 
Generally, quality breakdown and quality cost will be 
the core after checking relevant files and investigating 
the decision-makers. And the analysis should be started 
from suppliers, manufactories, employees, products and 
time. 

As for products, they should be analyzed by  one 
product or product classification. But one unit  can 
analyze manufactories, employees and suppliers . Time 
itself is a dimensional data. The quality analysis for 
every employee, product, supplier and manufactory can 
be made yearly, quarterly and monthly and the result 
(graph or table) can help make decision. But if the model 
coefficients can not adjusted finely, the above result 
cannot be obtained. The new decision-support system 
that integrated KW, MW, and DW can be developed and 
it is based on Windows2000, SQLServer2000, and Excel 
2000. The new system can revise model coefficients
automatically accord ing to the change of time, employee, 
product and manufactory.  It also can call method of 

method base and handle by OLAP; the results are as 
Fig.3. So decision-makers will know the worse part and 
can make better decision by getting the right reason.
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Abstract - The software platform for damage efficiency 
optimization of small arms provides convenient conditions 
for designers to complete the demonstrating, designing work 
and optimization of projectiles. Based on Solidworks 2007, 
by VC++, and using OLE technology, procedure module of 
parametric modeling of warhead is designed and developed 
in this paper, which is integrated into the software platform 
for damage efficiency optimization of small arms, 
consequently parametric modeling and automatic output of
structural characteristic parameter for warhead are realized 
on the optimization platform. 

Keywords - Integration, O LE te chnol ogy, parametric 
modeling, small arms, software pl atform, soli dworks,  
warhead 

I. INTRODUCTION 

 The software p lat fo rm for damage efficiency 
optimizat ion  o f s mall arms  was des igned  and  
developed  to  p rov ide a convenient, unified  design 
platform for designers o f s mall arms ammunition, on
which such designing activities as structural design, 
calculation, analysis, and performance evaluation can be 
effectively  integrated together, consequently the design 
efficiency and quality would be greatly improved, at the 
same time development period for s mall arms ammunition 
products would be immensely shortened [1-3]. Parametrical
structure design is an important functional module o f the 
platform [4]. In  this paper, a  lot of geometrical structure 
models of typical bullets including pistol bullets and rifle 
bullets and minor-d iameter bullets were created, and 
saved in the corresponding databases,  at the same time 
the secondary development technology  on Solidworks 
based on OLE technology was studied, and then the 
parametrical structure design module for warhead was 
designed and developed using the VC ++ Programming 
tools, and was integrated in the platfo rm by studying the 
integration technology. So on the platform, designers 
can quickly generate the three-dimensional structure 
models for warheads by selecting and parametrically 
modifying the appropriate warhead models in the database,
and output the structural sizes and structural characteristic 
parameters of the bullet to the subsequent calculation 
program.  

II. FRAME DESIGN 

A. Requirements analysis 
Using the warhead structural parametrical design 

module, designers can quickly complete the parametrical 
structure design for warheads of pistol bullet, rifle  bullet, 
and other minor-d iameter pro jectiles, they can also 
automatically calculate and output the geometry sizes and 

structural characteristic parameters of kill element model. 
The module was integrated into the software p lat fo rm 
for damage effic iency  opt imizat ion  of s mall arms , so 
the correlative models and parameters in the database of 
the platform can be obtained and used by the designers. 

B. System frame 
The system frame of warhead parametrical design 

module was shown in Fig.1, including user layer, 
application layer and data layer. 

kill element structural 
three-dimensional 

model database

kill element structural 
parameter database 

Solidworks 2007 software

The software platform for damage efficiency optimization of small arms

pistol bullet parametric 
design module

geometry and characteristic 
parameters extract module

preview of three-
dimensional model

structural  parameters
input interface 

Characteristic parameters 
display interface 

three-dimensional 
model display module User

Layer

Application 
Layer

 Data 
layer

Parametric Design Interface for Warhead

structure size schematic 
display module

rifle bullet parametric 
design module

minor-caliber bullets 
parametric design module

size schematic 
display  module

Fig.1. System frame of warhead parametric design module 
User Layer: the design process  would be guided in 

the form of design wizards , by designing and establishing 
a friendly man-computer interaction interface.  

Application Layer: it is the core module, including 
pistol bullet parametrical design module, rifle bullet 
parametrical design module, minor-diameter bullets 
parametrical design module, the extracting and outputting
module of structural characteristic parameters and outline 
sizes for p istol bullet, rifle bullet and minor-caliber bullets, 
the real-t ime preview module for three-d imensional 
models, and the display module of sketch map of structure 
sizes for warheads. 

Data layer: the database was designed to save the 
geometrical structure models and correlative parameters 
of current domestic and foreign warheads and minor-
caliber bullet.  

III. CREATING OF MODELS DATABASE FOR KILL 
ELEMENT STRUCTURE 

A. Principle of parametrical structure design 
In this paper, parametric modeling for warhead 

structure was realized by modifying d imensions of the 
corresponding template model [5, 6]. Template models were 
created in advance and saved in the corresponding 
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database. The parametric modeling principle was
described as shown in Fig.2: the appropriate model 
template was selected from the models database, the 
modified dimension parameters were inputted by
designers, then the first part of the template assembly  was 
opened, the corresponding size was confirmed and 
modified by the size  name prev iously defined in the 
template, and then the part was reconstructed and closed, 
other parts were also modified in turn in the same way, 
consequently the right structure assembly model was 
created. On  the other hand, the structure characteristic 
parameters of the warhead including mass, center of mass, 
moment of inertia and so on were automatically 
calculated and outputted to subsequent calculating 
modules, which could be displayed in the user interface, 
or saved in the named document according to different 
needs. It was realized by programming using Solidworks 
API functions 

Slect 
model

Open
SolidWorks

software

Open
assembly 

model

Model
preview

Open part

Input
parameter 

value

Search and 
modify 

parameter 
value

Close part

Refresh 
assembly 

Extract structural 
characteristic 

quantity

Result
written in 
document

Fig.2. Parametric modeling process of warhead 

B. Creation of models database for k ill element structure  
As the basis of parametric modeling, and used to 

parametrically  construct a variety of 3-D models again,
the template models would  be current and accurate. This 
is to say, the template models would contain various 
warhead structure, and describe fine structural 
characteristics.  

With Solidworks software, a structure characteristic 
can be created by a variety of modeling methods , so, the 
modeling regulation of template model must be 
previously made, as follows: 

(1) There were many good tools calculating the 
center of mass and the moment of inert ia for the part in 
Solidworks software, in o rder to extract correct and 
credible parameters and to accord with the engineering 
practical requirements , the center of the bottom of 
warhead was defined as the orig in and the axis of bullet as
Y axis. 

(2) The template model was used to create the new 
model by parametrically  modified  the corresponding sizes, 
and their geometrical topology between characteristics
must be unchangeable during the reconstruction of the 
model, so the appropriate dimensions and topology 
relation for the template model to parameter-drive would 
be defined by  analyzing geometry and dimensioning 
information for the part. 

(3) To meet many designers  requirement, some 
design regulations were made as fo llows: the shape of 
circular arcs of bullet  tip was determined by arc radius 
and arc height and position of the arc vertex, and the 
structure of the tail cone was determined by cone length 
and cone angle, and the chamfer for bullet bottom was 
created using an independent chamfer feature, and so on. 

(4) Considering the connection with the internal and 
external ballistics and other subsequent calculation 
program, some design regulat ions were made. For 
example, the warhead circular arc could be created by the 
ways of three points  on circular arc, or two po ints on arc 
together with circular arc center, or two points on arc 
together with radius. Because arc radius and height values 
would be used for subsequent calculation procedures, the 
way of two points on arc together with radius would be 
used to create a circular arc.  

(5) In order to simplify the structure, some design 
regulations were made. For example , the thickness of 
shells were d ifferent among the bottom part, the column 
part, and the tip part of the bullet, but the small 
differences were not enough to cause remarkab le errors to
the entire structure, so, after building the exterior of bullet 
shell, the inner surface of bullet shell was created in the 
form of overall offset of the exterior. 

(6) Because the reconstruction of the model was 
achieved by parametrically modified the corresponding 
sizes of the template model, and some sizes would be 
automatically output to other subsequent calculation 
program according to the size name, the appropriate name 
should be previously determined fo r the corresponding 
sizes for the template model.  

In this paper, a  model database was created, 
containing template models of p istol bullet, rifle bullet 
and minor-caliber pro jectiles. The schematic diagram of 
the structure and size of a p istol bullet was as shown in 
Fig.3, and the three-dimensional model of the bullet  was 
shown in Fig.4. At the same time, the sizes pictured in 
Fig.3 were named as shown in Table I. 

Fig.3. Schematic diagram of a pistol bullet size 
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Fig.4. Three-dimensional model diagram of pistol bullet  
TABLE I 

DIMENSIONS VARIABLE OF PISTOL BULLET  

Size Name Dimensions variable (with steel 
core) in Solidworks

Warhead length (lt) lt@ sketch_dk_py
Tail cone length (lw) lw@Sketch_dk_pno
Tail cone angle (aw) 90-aw@ sketch_dk_py

Warhead arc height (H) H@ sketch_dk_py
Warhead cylindrical diameter

(dz) dz/2@ sketch_dk_py

Arc rotating body big end 
diameter (dh) dh/2@ sketch_dk_py

Bullet bottom diameter (kr) kr@ sketch_dk_py
Warhead tip radius (r) r@ sketch_dk_py

Curved portion radius (R) hu_R@sketch_dk_py
Warhead shell thickness (tz) tz1@sketch_dk_py
bullet bottom chamfer(r2) D1@ bullet bottom chamfer

Steel core length (L) L@sketch_gx_py
Steel core diameter (d3) d3/2@sketch_gx_py
Steel core diameter (d2) d2/2@sketch_gx_py
Steel core diameter (d1) d1/2@sketch_gx_py
Steel core arc height (H) H@sketch_gx_py

Steel core radius of arc (R) R@sketch_gx_py
Distance from the center of 
mass to bullet bottom (hk) D1@ bullet bottom distance

IV. DESIGN AND DEVELOPMENT OF THE 
PARAMETRIC DESIGN PROCEDURE 

Both COM and OLE ways could be used in the 
secondary development for Solidworks software [7-9].
COM technology was more popular and widely used, and 
was named as internal development model, in which a
dynamic link library (DLL) file was created, loaded and 
used by SolidWorks software in the form of p lug-in files.
On the other hand, OLE technology, or the object 
embedding and linking technology, was rarely used 
currently and named as external development mode, in 
which an executable file  (.exe) was created, could run 
independent of SolidWorks platform and call  functions of 
SolidWorks software. The latter is suitable for the model 
in which  SOLIDWORKS should be integrated into and 
called by other programs as third-party software. 

Because the warhead parametric design module 
would be integrated into and called by the software 
platform for damage efficiency  opt imizat ion  of s mall 
arms, the asynchronous development model of OLE 
technology was used in this paper. This was also the main 
innovation of the paper. 

A. Import and export of models in Solidworks software in 
asynchronous mode  

Before opening the model file , the connection 
between warhead parametric design software and 
Solidworks software should be created, then the specified 
assembly file could be opened by using Solidworks API 
function. The procedure code was shown as follows: 

ISldWorks m_SldWorks ; //////SolidWorks object 
definition 

 BOOL panduan; 
 panduan=m_SldWorks.CreateDispatch("SldWork

s.Application",NULL);  
    /// Open SolidWorks software 
 if(panduan==TRUE) 

{
m_SldWorks.SetVisible(TRUE); // SolidWorks is 

defined visible after opening 
}

 else 
 {  
AfxMessageBox("SolidWorks Can not run, please 

check whether SolidWorks is installed ");  
       } 
 m_SldWorks_refer=m_SldWorks;// M_SldWorks 

obtained is defined as global variables. 
 // Open the assembly file 
 long type=swDocASSEMBLY;// Definition of 

document type 
 LPDISPATCH modDisp0;// Definit ion of 

intermediate variables 
file_path="D:\\Warhead model \\Warhead model 

lib rary \\pistol bullet\\ pistol bullet_without steel core 
\\Assembly  drawing_pistol bullet_with steel 
core.SLDASM "; 

 //Close the assembly file 
 pModelDoc=NULL; 
 m_SldWorks_refer.CloseDoc(file_path); 

CDialog::OnCancel();//Close the assembly file 

B. Achievement of dimension-driven function for 
parametric model 

The function was to find and determine the 
corresponding size according to the size name and to 
modify to the specified value after opening a part.  In
following procedure code, m_pn_lt is the name of a 
variable. 

   LPDISPATCH P1; 
 IDimension h1; 
 P1=m_iModelDoc1.Parameter 

("lt@sketch_dk_pno");// Define the name of the specified 
size got. 

h1.AttachDispatch (P1); 
h1.SetValue (m_pn_lt);// modify the size with a new 

value  again 

C. Calculation and output of structural characteristic for 
parts in Solidworks in asynchronous mode 

The function was main ly to calculate and output the 
equatorial moment  of inert ia, polar moment of inertia, 
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mass and the distance from center of mass to bullet 
bottom.  

 VARIANT Vmass; 
 VariantInit(&Vmass); 
 Vmass.vt=VT_ARRAY; 
    Vmass=pModelDoc.GetMassProperties(); 
 SafeDoubleArray tezheng(&Vmass); 
 m_tz_a=(float)(tezheng[8]*1E9);// Equatorial 

moment of inertia 
 m_tz_c=(float)(tezheng[7]*1E9);// Polar moment 

of inertia 
 m_tz_m=(float)(tezheng[5]*1E3);//Mass  
m_tz_lcd=(float)(tezheng[1]*1E3);// Distance from 

center of mass to bullet bottom 

V. INTEGRATION OF THE PARAMETRIC DESIGN 
MODULE INTO THE PLATFOEM [10-12]

A. Module Interface Design 
By Visual C ++ 6.0, a d ialog-based application was 

created using MFC AppWizard (exe), and Solidworks.tlb 
file in the SolidWorks installation directory was imported
into the application program MFC Class Wizard, then the 
share of functions and data between application procedure 
and SolidWorks software was achieved, at the same time,  
SolidWorks library file was added to the .CPP and .h file  
in the dialog application procedure, so the asynchronous 
call of SolidWorks by the platform could be realized.  

B .User Interface Design 
User interface was the communication platform 

between procedures and users, through which users  input 
data could be got, output data of procedures could be 
displayed, sketch map of size could be shown, and the 
three-dimensional structure model could  be previewed in 
time. For example, the model selection interface of the 
warhead parametric modeling software was designed as 
shown in Fig.5.

Fig.5. Parametric design interface of pistol bullet with steel core 

C. Data Interface Design 
To take fu ll advantage of valid data of typical 

products, and to  input work, the 
parametric design module was designed based on the 
database of the software platform for damage efficiency 
optimization of s mall arms. Through the data interface 

designing, the appropriate data of typical products could 
be conveniently obtained by designers. The relat ionship 
between parametric design module and platform database 
was as shown in Fig.6.

With steel core without steel core
pistol bullet parametric design

Product code

Pistol bullet structural  
parameters table
(tb_pistolBullet)

Product codeProduct code

Hrapnel structural  
parameters table

(tb_shrapnel)

Product code

Interface 
analysis 
module

Database

Application 
Layer

Rifle bullet structural  
parameters table

tb_rifleBullet

Other input parameter

Homologues data

With steel core without steel core
rifle bullet parametric design

Product code

Other input parameter

Homologues data

Shrapnel parametric design

Product code

Other input parameter

Homologues data

Fig.6. Relationship between parametric design module and 
platform database 

VI. CONCLUSION 

In this paper, the warhead structure parametric 
design module was studied and developed, and integrated 
into the software platform for damage efficiency 
optimization of small arms. Using the module, the 
warhead structure parametric modeling could be achieved
in the platform system, and the characteristic parameters 
of killer element model could be calculated and outputted 
automatically and transferred to the correlative analysis 
program.  
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Abstract - Aim to solve the lack of quantitative method 
on measure of information system success and IT project 
management, the article advance the principle and related 
technique on measure of matching degree between 
management platform(MP) and information platform(IP) 
based-on Kullback-Leibler divergence(KLD). Firstly, it 
discuss the essential of enterprise modeling technique based 
on information flow, and then introduce and analysis the 
"Critical Nodes" which will contribute to build the 
architecture of evaluation index system from the 
management reference model which derives from enterprise 
modeling process. After that, it investigates how to describe 
the probability, distribution and parameter of the 
uncertainty existing in the Critical Nodes. And then, it gives 
out the method and procedure on using KLD method to 
calculate the difference between MP and IP on certain 
Critical Node and then integrate the whole index value via 
Analytic Network Process (ANP) method. Finally, it gets the 
perspective on development and application of the 
quantitative method.

Keywords - Evaluation of IS  success, IT project 
management, Kullback-Leibler Divergence, modeling based-
on information flow, measure of matching degree  

I. INTRODUCTION 

During  the informatizat ion process in China, it  is 
hard to solve the "input-output" model and to assess the 
promotion strength of Information Systems  (IS) on 
enterprise Management System (MS). The lack of 
accurate evaluation method on implemented IT pro jects 
also leads to blind decision making on setting up a new 
project and misleading on informatization strategy. 

The very shortage of quantitative evaluation method 
on IS effectiveness is mainly involving feasibility analysis, 
assessment on milestone points, and evaluation at project 
acceptance stage. 

We raise an evaluation technique based on Kullback-
Leibler Divergence method, aimed to solve the 
conundrum of quantitative  method in feasibility analysis 
stage of IT pro ject management, to measure the 
correspondence between MS and IS, then give the answer 
to implementation strategy of software product s selection 
and Business Process Management (BPM). 

In the past several decades, researchers carried  out 
ample studies in effect iveness evaluation of IS, those 
considerable studies by using from qualitative methods to 
hybrid of qualitative and quantitative methods, but pure 
quantitative method is rare.  

As the founder of the theory of Information, C. E. 
Shannon and W. Weaver [1] divided the measurement of 
informat ion output into three layers: technical layer, 
semantic layer and effectiveness layer. The effectiveness 
layer shows the effect of the informat ion on the receivers. 
Based on the model of Shannon, Richard  Mason [2] 
separated the output measurement into technical layer, 
semantic layer, function layer and influence layer, the 
influence layer equals to the effectiveness layer in 

d his analysis on 
influence layer, further d ivided this layer into mult istage,
from low to high: receive, accept, retain, integrate, 
evaluate, apply, change behavior, change in system 
performance. Mason is the first one to study the 
integration of information technology (IT) and MS, the 
achievement beyond the limitation of information theory 
and played vital effect for subsequent researchers. 

Robert W. Zmud [3] prov ided a category method by 
using indices such as performance, use of Management 
Information Systems (MIS), and satisfaction, to 
evaluate the influences of human on IS. Peter Keen [4] 
discussed the long term influences of MIS on business 
model and social development and raise the necessary of 
measuring the effectiveness of IS, and then advanced the 
concept of independent variables and dependent variables 
used in informat ization evaluation. The independent 
variables are individual factors in the processing of 
assessment, dependent variables are the evaluation indices. 
Different independent variables will produce different 
result on same domain. Blake Ives [5] contributed further 
research on user satisfaction. 

William H. DeLone and Ephraim R. McLean [6]
raised the famous D&M model, in which the taxonomy 
posits six major dimensions or categories of IS success :
quality of IS, quality of information, use, user satisfaction, 
individual impact, o rganizat ional impact. Peter B. Seddon 
[7] revised D&M model and made it more reasonable to 
meet  the up-to-date situation of Informatization. Arun Rai 
[8] investigated by using questionnaire to improve and 
perfect the research achievements of D&M model and 
Seddon's model. Rajiv Sabherwal et al. [9] extended 
D&M model and increase indices of user train ing and user 
experience and established a theory model. 

Wen-Hsien Tsai et al. [10] developed a conceptual 
framework for investigating how Enterprise Resource 
planning (ERP) selection criteria are linked to IS success, 

a certified high-stability system, compatibility between 
the system and the business process, and the provision of 
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best practices. Tsai pointed out that the knowledge ability 
and service ability of consultant company will play vital 
influence on IS success. 

Qian  Wang [11-12] advanced the theory of positive 
matching between management platform and IS p latform 
based on enterprise business process analysis, and raised 
the principle and baseline of matching assessment. Wang 
also put forward ERP implementation capability 
evaluation model (ERP-ICEM) aimed at solving the 
measurement on the implementation ability  in  ERP 
Project Management (ERP-PM), ERP-ICEM can realize 
the quantitative measuring on the ability of coordinating 
among Enterprise and Consultant Company and ERP 
software suite. Wang [13] advanced the concept of 
"information particle" and, based on it, proposed the 
method of studying the energy consuming and the 
features of Information Flow (IF) in the context of 
informat ization from micro perspective, and raised the 
fundamental conceiving of informat ion effectiveness 
measurement based on IF. 

Outside the academia, enterprises and governments 
also carried out lots of works on IS success measurement, 
the important ones are: The Oliver W ight ABCD 
Checklist for Operat ional Excellence [14-16], US 
standardization institute Benchmarking Partners proposed 
ERP project evaluation system, Korean proposed the 
evaluation architecture of infor
Information Society Index (ISI), Harvard University s
Networked Read iness Index, (NRI), 
manufacturing  industry index by NIEC and Tianjin 
University are the rest important achievement in this field  
[17]. 

The deficiency of the current researches are apparent 
and ubiquitous: 

Quantitative ability is not enough. The complex 
of MS heavily increase the difficult of 
quantitative analysis and evaluation, the exist 
methods and models are more qualitative and 
lack of deep analysis capability on complexity  
and non-linear characteristics of management 
system and IS. 
The objects and independent variables and factors 
to be assessed are a bit o f macro, and cannot 
reflect the inner influence of IT/IS contributes to 
the management process. 
Direct evaluations of in formatizat ion 
effectiveness upon IS are not easy to be achieved. 
Operational indices, such as financial data, 
influence and user satisfaction, are indirectly and 
dependently. 

II. KULLBACK-LEIBLER DIVERGENCE 

Kullback-Leib ler Divergence (KL-Divergence), also 
called information gain or information Divergence or 
Relative Entropy, is a non-symmetric manner to measure 
the difference between two probability distributions of P
and Q , is proposed by Solomon Kullback and Richard 

Leibler at 1951 [18-19]. KL-Divergence aims to measure 
the difference of two probability distribution within same 
event space. The significance of KL-Divergence in 
informat ion field  is to measure the expected number of 
extra bits required to code samples from P when using a 
code based on Q , rather than using a code based on P . 

Concerning discrete random variables, probability 
distribution P and Q  have their probability mass function 
( pmf ) ( )P i  and ( )Q i  respectively, then the definition  
of KL-Divergence fromQ to P is: 

  ( )( || ) ( ) log
( )i

P iD P Q P i
Q i

   (1) 

For continuous random variables, ( )p x  and ( )q x
are the probability density function ( pdf ) of probability 
distributions of ( )P x  and ( )Q x  respectively. Then the 
definition of KL Divergence from Q to P  is: 

  ( )( || ) ( ) log
( )

p xD P Q p x dx
q x

   (2) 

In the above functions, P represents the true 
distribution of the data, Q represents the theory 
distribution of the data or approximate distribution of P . 

KL-Divergence have some features as below: 
Non-negative, namely ( || ) 0D P Q , or ( || ) 0D Q P . 
Non-symmetric, namely ( || ) ( || )D P Q D Q P . 
Not satisfy the triangle inequality conditions, 
namely ( || ) ( || ) ( || )D A B D B C D A C  is not 
guaranteed. 

KL-Divergence method is main ly used in Statistics 
and Information Science and play vital roles in the field of 
Information Searching and statistical natural language. 
We invite KL-Divergence into the field of evaluation of 
IS effectiveness and deploy it to measure the difference 
between MS and IS within the certain information flow 
space and achieve the quantitative measurement of the 
matching degree of MS and IS platforms. 

III. MEASUREMENT OF PLATFORMS MATCHING 
BASED-ON INFORMATION FLOW 

A. Platforms and Information Flow 
Management Platform (MP) is the term that reflects 

and includes management method, manner, process, 
auditory control, feedback system, mechanism and 
cultural of management system of enterprise operation. 

Information  Platform (IP) is the term that reflects and 
includes all the contents, such as hardware and software 
and related environment, o f Informat ion Technology and 
Information Systems (IT/IS) which aim to improve 
efficiency and quality of operation management. 

The matching degree between MP and IP is the vital 
determining factor that reflects how the IS runs smoothly 
and earns reasonable benefits to the revenue. The h igher 
the degree of matching, the larger the IS effectiveness  be 
improved and more significant the management level will 
be reached. IS harvests valuable achievement dependently 
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and must through the promotion of efficiency of MS, so to 
measure the effectiveness of IS must through MS 
indirectly. 

Information flow act as instruction through whole 
management process and undertake the task of forward 
planning and backward controlling message. The 
operational efficiency of MS relies on efficiency and 
quality of informat ion flow. Information flow is the object 
and subject of information systems  
carrier and core of content. Informat ion flow have same 
meaning and expression in both MS and IS, also the 
communicational media among MS and IS.  

Information flow has features as below: 
Having same meaning and content in integrality 
and semantic in dual platforms 
In the context of informatizat ion, complete 
informat ion flow process  is divided by  two 
platforms, the d ividing  manner is related to the 
architecture of IS, the interfaces between two 
platforms act as the communicat ion channel fo r 
continuing the flow of information particle. 
Information flow is more objective rather than 
subjective and can be used for objective analysis 
and depicting. 
From information theory and Statistics, uncertainty 
and randomness can be described by using 
probability and its knowledge 
Spatial and temporal attributes are very important 
features contained in information flow, they are 
also the critical indices to measure the efficiency 
of management processes. 

Z
1 Z 2

Z
i Z k

-1 Z
k

Management Platform

Information Platform

Real Business Process 
Routine

Match 
mutually

Mapping

Fig.1. Existence and running manner of Information Flow among 
Management Platform and Information Platform 

B. Critical Nodes in Architecture 
Both MS and IS have their integrated architecture and 

running processes based-on information flow. In 
traditional mode, in formation flow which exist in 
management platform is deal by manual, after using IS, 
processing of informat ion flow will be arranged by both 
management platform and information plat form. 
Intuitively, information flow will be deal in sharply quick 
in informat ion platform due to the advantages information 
technology. But unfortunately, because there are 
informat ion islands and lack of artificial capability in 
informat ion platform, so the informat ion flow cannot be 
deal only by information platform but also need to be 

transfer to management platfo rm and by manual help to 
fin ish it, especially in decision making procedure. As 
depicted in Fig.1, in the context of in formatizat ion, 
informat ion flow distribute and run across the two 
platforms and a complete information flow procedure will 
jump from/into platforms, the outward manifestation of 
jump is manual processing or man-machine interaction, 
during the period, the format  of informat ion flow will be 
transformed to fit for the need of certain platform, this 
transformation will cost external management resource or 
energy and will offset or over the efficiency gained from 
using IT/IS, that will cause reducing of management 
efficiency and even chaos in business operation.  

Fig.1 also mention that the flow path of information 
particle is not same in management p latform and 
informat ion platform respectively, some node in the 
whole flow define the content and function and features of 
a certain flow and never changed with the variety of 
management optimization and informat izat ion. These 
nodes are the milestone to measuring the efficiency of the 
processes so that we call such nodes as  "critical nodes in 
Information Flow" or just "critical nodes". Critical nodes 
express as the superficial characteristics of information 
flow, can be used to realize the approximate description 
upon critical process and core value of information flow. 

Based on information model technology, we can get 
reference models from two separate platforms. Due to 
semantic homogeneity and integration of information 
flow, hence the difference between the two reference 
models is architectural, such that the measurement of
platforms transform the question of measuring the 
architectural difference of reference models. To identify 
the difference of reference models can be realized by 
investigating critical nodes. Crit ical node must cover the 
main links or segments or contents inside information 
processes. Information flow can be treated as the motion 
of informat ion units. Within the critical nodes, 
informat ion units have several status: arriving, processing, 
outputting, wait ing, each status have its statistical features 
and can be used for probability description  upon its 
uncertainty, namely, reaching probability distribution and 
its parameters, then we can calcu late the divergence by 
using KL-Divergence method, this is the quantitative 
foundation to achieve platform measurement and 
assessment. 
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Fig.2. Architecture of evaluation system based on Information Flow 
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Critical nodes scatter within the functions of 
enterprise management systems, corresponding to certain 
business process, at these nodes the data can be collected 
and analyzed, to achieve the calculation of KL-
Divergence, hence it can be used into evaluation index 
systems as bottom indices, so the index system can be 
model from bottom to top which is quite different from 
traditional manners. Fig.2 depict an example of 3-layer 
architecture, in which  the critical nodes and bottom 
indices are one-to-one matched. 

C. KL-Divergence at Critical Nodes 
We define as domain of management systems 

and as domain of informat ion systems, set up the 
models in and respectively, then we get critical 
nodes with same numbers in the two models, and marked 
as iZ  and iZ , i = 1,2,...,n . Because iZ  and iZ  are 
corresponding appearance, so mark them as  ( , )i i iZ Z Z . 

The vital factors, of selecting crit ical nodes iZ , is 
based on its features of statistics and information flow, 
and also concerning the factors of informat ion flow 
motion process, information density, wait ing time and 
effectiveness of being processed, are showed as below: 
interarrival t ime IAP , lead time (wait ing time) LTP ,
processing time HTP  and post processing time (waiting 
time) PTP . 

Concerning ( , )i i iZ Z Z , the critical nodes of 

Management Plat form iZ  has its corresponding factors 

IAP , LTP , HTP  , PTP , and their relat ive probability 

density function ( pdf ) are ,IA if , ,LT if , ,HT if  and ,PT if ; the 
critical nodes of Information Platform iZ  has its 

corresponding factors IAP , LTP , HTP , PTP , and their 

relative pdf  are ,IA i , ,LT i , ,HT i , ,PT i . As to crit ical  

pair node ( , )i i iZ Z Z , KL-Divergence can be reached at 

factor IAP  from IS to MS is: 

,
, , ,

,

( )
( || ) ( ) log

( )i i

IA iIA
Z Z IA i IA i IA i

IA i

f x
D D f f x dx

x
  (3) 

Likewise, KL-Divergence upon factors LTP , HTP  and 

PTP  can also be reached from IS to MS are: 

,
, , ,

,

( )
( || ) ( ) log

( )i i

LT iLT
Z Z LT i LT i LT i

LT i

f x
D D f f x dx

x
  (4) 

,
, , ,

,

( )
( || ) ( ) log

( )i i

HT iHT
Z Z HT i HT i HT i

HT i

f x
D D f f x dx

x
  (5) 

,
, , ,

,

( )
( || ) ( ) log

( )i i

PT iPT
Z Z PT i PT i PT i

PT i

f x
D D f f x dx

x
  (6) 

At the critical pair node iZ , the KL-Divergence from 
IS to MS can be calculate by below function 

1 2 3 4i i i i i

IA LT HT PT
Z i Z i Z i Z i ZD D D D D   (7) 

1iu , 2iu , 3iu , 4iu is the weight corresponding to IAP ,

LTP ,
HTP  and 

PTP  at critical pair node iZ , and
4

1
1ij

j

.

Obviously, 
iZD is the index value of 

iC  , the sub-index at 

bottom level, namely 
i

s
CM

iZD , s  is the number of 

level of index system. 

iZD  stands for the difference between business 

software suite and management level of certain enterprise, 
is an quantitative measurement at software selection stage. 

D. Using ANP method to determine weight 
Analytic Network Process  (ANP), raised by T. L. 

Saaty [20] based on Analytic Hierarchy Process (AHP), is 
a more general form of the AHP used in multi-criteria 
decision analysis, is based on network feedback 
architecture and could be used in measuring complicate 
systems. ANP depict the relationship of the elements by 
using a depressed and network method and allow the 
existence of inter-dependent and feedback mechanism, 
hence it can be used to solve the problem in the fields of 
society, administration and decision making due to its 
reality (Fig.3).

Criterion P1 Criterion Pm

C
ontroll
Layer

Objective

N
etw

ork
Layer

Criterion P2

e11 e12 e13Cluster C1

en1 en2 en3 en4

e21 e22 e23 e24

ej1 ej2ei1 ei2 ei3 ei4

en5

Cluster C2

Cluster Ci Cluster Cj

Cluster  Cn

Fig.3. Network Architecture of ANP 
ANP contains two part of system elements, control 

layer and network layer. The control layer includes 
objective and criterions. All criterions are independent 
and controlled by objective. Control elements might not 
consist decision criterion but have to consist at least one 
objective. The weight with control layer can be obtained 
by using AHP method. Network layer is consist of 
elements reflecting by control layer and forms the inter-
action network architecture [21-23]. 

The procedure of ANP is :
1) Pairwise comparison matrices and priority 

vectors. This is done through pairwise 
comparisons by asking "How much 
importance/influence does a criterion have 
compared to another criterion with respect to our 
interests or preferences?" The relative 
importance value can be determined using a 
scale of 1 to 9 to represent equal importance to 
extreme importance. 
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2) Super matrix formation and determin ing limit  
super matrix. Obtain  the weighted super matrix 
by multiplying the normalized matrix 

  (8) 
3) Calculating the results 
Evaluation index architecture raised in this paper, 

based on informat ion flow, is  multi-dimension and cubic, 
each level indices are dependent and feedback, its 
architecture satisfies the prerequisite of implementation of 
ANP method. But due to its complex, the calcu lating 
work is pretty huge such that have to via computer tools, 
for example Super Decision maybe a better choice for that.  

IV. IMPLEMENTATION 

According to our assumption, to achieve the match 
measuring and analysis work for informatizat ion system 
need under below processes: 

1) Modeling the reference models of management 
system and in formation system respectively, 
which based on information flow 

2) Applying the reference models to draw out 
critical nodes and depict the attribute of such 
nodes 

3) Using critical nodes as bottom layer component, 
raise the index architecture down-to-up

4) Determining the probability distribution and 
corresponding parameters of critical nodes via 
historic data analyzing or sampling method 

5) Calculating the value of crit ical nodes via KL-
Divergence method 

6) Obtaining the weight of each level indices via 
ANP method 

7) Aggregating the entropy value down-to-up and 
using the sum number as the evidence and 
reference of analyzing. 

In this paper, we main ly focus on raising a novel 
method by using KL-Divergence method to realize 
quantitative evaluation, so we do not talk about how to 
model the reference model and critical nodes, some of 
them are still under researching, some will be described in 
another paper.  

Now we assume that the probability density function 

,IA if  at crit ical node iZ  upon the factor IAP  is exponential 
distribution, namely ,

x
IA if e , the probability density 

function ,IA i  at crit ical node iZ upon the factor IAP  is  
also exponential d istribution, namely ,

x
IA i e , then we 

have 

, ,( || ) log
i i

x
IA x
Z Z IA i IA i x

eD D f e dx
e

1 ln

If ,IA i  belongs to normal distribution with parameter 

( , ), namely 
2

2
( )

2
,

1
2

x

IA i e , then we have 

2

2

, , ( )
2

( || ) log
1
2

i i

x
IA x
Z Z IA i IA i x

eD D f e dx
e

2 2
2 2

1 1 1 2 2log log2 log ( )
2 2 2

Obviously, if the d istribution and parameter are 
known, the calculation of KL-Divergence is very easy to 
fin ish, so by using the method we provided in this paper, 
the work of platform matching measurement and 
evaluation of In formatizat ion can be carries out efficiency.  

V.  CONCLUSION 

IS construction consists two stage: optimizat ion of 
management process and implementation of IS. The 
former one is essential and last one is the guarantee for 
improving the management level of certain enterprise. 
The two stage functionally integrated in the integrity of 
management processes, and unified  in  the consistence of 
process of information flow formally. 

In this paper, the ( || )D P Q  can be treat as the 
difference between enterprise management software and 
management practice, hence it can be the measuring 
evidence for software choice and selection. Then 

( || )D Q P  can stand for the difference among the current 
level of management platform and management software, 
thus it can be the design evidence of BPM or software 
reprogramming or adjusting. 

The research achievement of this paper did is still 
under studying, in future we will carry on applying 
research such that it can  be used to solve the real problem 
to which enterprise facing. The difficu lt of further 
investigation exist in  two fields, one is model method 
based on information flow and the abstraction of critical 
nodes, second is how to assign the weight via ANP 
method. The first problem will depend on hard work on 
integrating and innovating current management modeling 
or enterprise modeling method. The second problem will 
benefit from using computer programming or business 
mathematical software. 
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Abstract - The risk of project time was analyzed and a 
new algorithm was proposed based on the previous outcomes 
and Monte Carlo Simulation. The computing process under 
the new algorithm was demonstrated combing with an 
example, which suggested that the new algorithm could 
reduce the calculated amount effectively and thus provide a 
reference for the risk management of project completion 
time. 

Keywords - Completion time, crystal ball, Monte Carlo 
S imulation, minimum crucial path, risk management 

I. INTRODUCTION 
Construction project is the most common and typical 

project type, quality objectives, duration and cost targets 
are three main  objectives for p roject management. In the 

be ignored. For a construction project, the completion is 
restricted by many factors, on the management of 
complet ion, we generally use traditional method, which 
assumes the completion of each process is identified, and 
then find the critical path by drawing a network, and 
finally calculate the complet ion time. However, there are 
a lot factors affecting the duration in practice, dominant 
and implicit, the actual results are often highly different 
from the theoretical results, which could lead to mistakes 
in management decisions. 

There has been a lot of outcomes for the risk 
management of project, Gao Ying used Monte Carlo 
simulation to analyze the relevant theory of PERT and 
MC, made simulat ion risk assessment for the duration 
under uncertain conditions, and identified the uncertain 
risk factors which played a key ro le [1], Meng Wenqing, 
Zhang lining proposed a project risk assessment method 
based on fuzzy network, this method can better reflect the
actual situation of the project [2]; Gao Feng, Chen Yingwu 
established the risk management decision model. Some 
essential risk factors of the project duration such as 
activity overlapping, activ ity iterat ions, uncertain activity
durations and non- consumable resource amount were 
integrated into the decision model. A simulation 
optimization method based on adaptive genetic algorithm 
was proposed considering the characteristics of the model 
[3]; Fan Chengyu introduced fuzzy  triangular numbers into 
the network schedule, established a fuzzy  network pro ject 
schedule [4], Han Shangyu, Li Hong studied the duration 
risk management in road construction phase, combined 
with risk analysis theory, and established a new road 
project duration risk management calculation method, 
improved the accuracy of the analysis during the 
construction period [5]; Liu Xiao ju, Wang Yue presented a 
lead-time risk transfer algorithm for the calculat ion of the 

total lead-time risk of the system integration project, 
provided sufficient decision support for system 
integration project [6]; Zhou Fangming, Zhang Mingyuan 
combined BP neural networks, genetic algorithms, 
principal component analysis to propose a model based on 
PCA-GA-BP to predict the project time risk [7]; Ding 
Zengxin, Sun Donggen, considered the fuzziness and 
randomness of the construction project, present a fuzzy 
and probability analysis method for risk evaluation of the 
project, and achieved good results [8]. The above study are 
based on existing mathematical methods, including fuzzy 
decision, principal component analysis, BP neural 
network, to build  a model to evaluate the risk of 

algorithm is designed very complex, large computation, 
The actual operation is not easy, exists some limitations. 

Based on the above findings, we propose a new 
method for p redicting risk, and prove the rationality of the 
algorithm using the Monte Carlo simulation method, 
combined with an example. Articles distributed as follows: 
In part II, We propose the algorithm and the basic 
principles of Monte Carlo simulation; Part III is a 
numerical example; Part IV is Conclusion and instruction. 

II. ALGORITHM INTRODUCTION AND THE BASIC 
PRINCIPLES OF MONTE CARLO SIMULATION 
A project contains a number of processes, sometimes 

the complet ion of these processes is uncertain, which may 
result in the fact that the completion of project becomes 
very short or very long, then we need to do risk analysis 
on the completion of the project [9]. First, we introduce a 
concept:

The min imum critical path: when the time of 
complet ion of the step floats by a certain probability 
distribution in a range, we calculate the crit ical path by 
the lower bound of the time required by each process step.
For the project which the duration is certain, the minimum 
critical path is the crit ical path [10]. First we introduce a 
conclusion:

Lemma 1: Let the set ,
In the set, ,

(1) 
Proof: Let                  (2)
So

               (3)  
Then lemma is proved.

If set A in the above lemma seen as a set of the 
complet ion time of the minimum critical path, then we 
can know the minimum crit ical path is a lower bound for 
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the project completion time. So for the project of which 
the complet ion time is uncertain, you can use the Monte 
Carlo method to simulate the distribution of the 
complet ion time. Since the min imum time for each path is 
less than or equal to the time of the min imum critical path, 
and will not decrease the number of days resulting from 
change in the critical path, the change is often caused by 
the time change of some paths, so first calculate the 
minimum crit ical path, and then use the maximum time of 
each step to calculate the time of all paths (denoted as S) , 
when the time some paths in S take is longer than the 
minimum critical path , they are likely to be the critical 
path , denote these paths as set D, so that in a simulat ion, 
the maximum of the time every path in set D takes is the 
time needed by the critical path. The fo llowing briefly 
describes the basic principles of Monte Carlo simulation. 

Monte Carlo simulation is built  on the basis of 
probability theory. For a real p roblem, the factors it 
contains may be uncertain, and obey a certain probability 
distribution , under the combined effect of these factors , 
the result may be uncertain, due to the complexity o f the 
problem, the probability distribution which the results 

calculations , so the result need to be determined by the 
method of random sampling , each sample corresponds to 
a result, accord ing to the law of large numbers , if the 
number of samples is large enough, it can approximate the 
true result by these samples [11].

For a random variable, it is crit ical to get the sample, 
inaccurate samples may lead to wrong conclusions. The 
method of sampling usually is : first create a model , for 
example, to construct a space geometry , and each  sample 
can be seen as a point of the geometry, then obtain the 
sample points through computer programming. But 
sometimes the modeling process can be complicated, then 
we need additional methods, that is to get sample of 
corresponding random variab le by random number.
Random number is also a sample, they obey uniform 
distribution. Why can it generate any sample of random 
variables through random number? Its principle is based 
on the following important conclusion:
Lemma 2: Let  X be a continuous random variable with 
distribution function F(x), and there is an  inverse function, 
then F(x) obey [0, 1] uniform distribution.
Proof: Let obviously , and 
monotone increasing.

When        (4)
When         (5)
When ,

                                                              (6) 
That is 

                                              (7)

Probability density is

                                               (8)

Therefore, Y obeys [0, 1] uniform d istribution. For 
example , let , so , then , as 
to the random number r, look-up table can  get ,
let , namely  is the corresponding 
sample of random number r.  In  practical problem, random 

out the discrete case. In the discrete case, the distribution 
function is piecewise, randomly falls within a range, 
stipulate the left or right end of the range as the sample 
value [12]. Based on the above analysis, an example is 
given below. 

III. EXAMPLE

Under normal circumstance, the calculation of using 
Monte Carlo  methods to solve the problem is great, here 
we can use the Crystal ball software to solve the problem 
[13]. 

Certain engineering processes information in 
following Table I: 

TABLE I 
CERTAIN ENGINEERING PROCESSES INFORMATION 

Process 
name

Precedence 
Activity

Shortest 
t ime

Longest 
time

Distribution

A 2 4 triangular distribution
(2.5)

B A 6 8 Truncated Normal 
Distribution(7,0.01)

C A 3 3
D B 3 3
E B,C 3 5 Uniform Distribution
F E 1 2 Uniform Distribution
G A 2 4 triangular distribution

(3.5)
H G 1 3 Truncated Normal 

Distribution(1.5,0.04)
Note: In the table above, the value in brackets in the distribution row 
indicates the most likely value, the mean and variance. 

The correlation coefficient of Process B and E is 0.7, 
the correlation coeffic ient of Process F and A is -0.3.
Project network is as following Fig.1: 

Fig.1. Project network 
The smallest critical path: A

duration is 12. Use the maximum duration of processes, 
there are three paths of which the duration is bigger than 
the minimum duration of the crit ical path, namely: 

15
14 , 1000 t imes 
simulation results are as following Fig.2: (existing an 
outlier, 999 showed) 
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Fig.2. Simulation results. 
From the figure, we can see that the project is most 

likely to be completed in 15-16 days, and its distribution 
is closed to the Beta distribution as following Fig.3.

Fig.3.The distribution 
And there is 90% probability that the project could be 

completed in 14 to 16.5 days. Following are the statistics 
and standard values of the distribution fitting as Fig.4: 

Fig.4. Statistics and standard values of the distribution fitt ing 
In the figure above, the middle column is the standard 

data, the right column is the fitting data, we can see the 
fitting data of indexes such as mean, variance, median,
kurtosis and others fit the standard data very well, and the 
average standard deviation is 0.02, so we can 

approximately think that the project completion obeys the 
Beta distribution [14]. 

The risk that affects the complet ion of the project is 
analyzed in the following Fig.5: 

Fig.5.The variance of the completion of project  
The variance of the completion of project can  be seen 

as the size of the risk, the risk of a large variance project 
correspondingly becomes larger. The figure above is the 
contribution to the variance of complet ion of each process, 
it can be seen, the cumulat ive contribution of process E, B, 
A is more than 95%, we may say that the risk of 
complet ion of the project is main ly generated by these 
processes. So, in actual p roduction, we should strengthen 
management on these three steps, to prevent large 
deviations.  

Then analyze the sensitivity, as is shown in the 
following Fig.6:

Fig.6.The sensitivity 
In the figure above, the correlation coefficient of 

process E and the complet ion of project  is 0.82, which 
means that the completion t ime for process E increases 
each step by 1, the total duration increases 0.82, equally, 
process B and A also have some impacts on the 
complet ion time. Take all the analysis together, process E 
is essential for the completion of the project [15], the 
construction process should strengthen the management 
on process E. 

IV. CONCLUSION 

This paper compares the results of previous studies 
and presents a new algorithm for the risk management of 
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the project completion  from a different perspective. There 
are many algorithms based on the Monte Carlo 
Simulation of the project  completion. We can also 
simulate every path, then take the longest path as the 
critical path. But for complex projects, this method will be 
of great amount of calculat ion. The proposed method is
firstly weeding out the path which may not be the critical 
path by prior estimation, and then simulate the remaining 
path, so that we can effect ively reduce the amount of 
calculation to obtain reasonable results. In addition, this 
paper presents a numerical example. This example is not 
complicated, but enough to exp lain the problem. As to the 
engineering which  possesses more processes, the 
proposed algorithm has its advantage. 
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Abstract - The oil and gas pipeline projects are often 
faced with risks of many aspects in the process of 
development and construction. The article describes the 
process of the gray analytic hierarchy process for risk 
analysis, and calculates the comprehensive evaluation index 
of the project via a real case, namely the overall risk of 
investment projects, so that the investors make right 
investment decisions according to the results of the risk 
analysis to make sure the safe state of the pipeline project 
construction maintain an acceptable risk level, which helps 
to form security for the safety after putting into production.

Keywords - Investment risk, oil and gas pipeline projects, 
risk analysis, the gray analytic hierarchy process

I. INTRODUCTION 
In recent years, China has developed rapidly in the 

oil and gas pipeline construction. The national oil and gas 
pipeline network has formed init ially. The gas supplying 
pattern of West-East natural gas transmission, sea-land 
gas transmission and supplying from nearby has been 
formed, as well as a relative perfect regional natural gas 
pipeline network [1]. 

The oil and gas pipeline projects are in the high-
speed development period. However, there are risks from 
many aspects in the oil and gas pipeline projects. 
Economic losses and social impacts are very large once a 
pipeline accident takes place. The oil and gas pipeline 
projects generally need a long time to conduct planning, 
feasibility studies, designing construction and the 
operation. The situation and goals of risk management are 
not the same in the different stages of this process, as well 
as the risk factors we face. There are many uncertainties 
in the investment phase of the project. The probability of 
the risk occurring is great, but the cost of risk treatment at 
this time is relatively low [2] [3]. That is to say, we can get 
the greatest opportunity to avoid damage by low-cost risk 
analysis. The cost of handling risk factors or risk events 
increases sharply due to lots of projects being invested 
with the conducting of the project, despite the decreasing 
of uncertainty [4]. 

Thus, in the investment phase of the project, we 
make a comprehensive risk analysis of the project, so that 
investors can make investment decisions that whether we 
apply limited funds to pipeline construction, and they can 
deal with potential problems in time, in order to keep the 
safety state at an acceptable risk level, and avoid the 
serious losses caused by the risks in the follow-up work.  

II. METHODOLOGY 

Currently, there are some achievements in  the risk 
analysis of oil and gas pipeline pro jects, but the studies on 

the risk analysis of pre-investment stage of oil and gas 
pipeline projects are absent, and there is a  lack of specific 
methods of risk analysis. Therefore, in  this article, based 
on Gray  analytic hierarchy process [5], we obtain the risk 
factors in the oil and gas pipeline pro ject investment stage 
by calculating, and sort on risk factors, finally calcu late 
the gray comprehensive evaluation value of the risk of the 
project investment phases, namely  the overall investment 
risk of the pro ject [6], so as to provide basis for the 
investment comprehensive risk evaluation of the project. 
This helps the implementation of decisions in the 
investment stage, and helps to take appropriate risk 
management measures. 

A. Risk Identification 

First of all, the classification and identificat ion of 
risk in the project investment stage are needed before the 
project investment risk evaluation. When identifying o il 
and gas pipeline project investment risk, we g ive an open-
ended questionnaire [7] about listing investment risks of oil 
and gas pipelines to the experts, and then consult the 
experts about the results, give them questionnaire about 
the results with the options of strongly agree, agree, 
neutral, do not agree, strongly disagree, finally obtain 
consistent conclusion as the identified risk by the 

s. 

B. Sort of the Risk Factors 

We use the identified risks to establish the risk 
evaluation index system, represent target layer 
corresponding investment decision project risk by U, 
guidelines layer elements by Ui, and index layer elements 
namely various risk factors by Uij. The judgment  matrix 
represents the fact of relative importance among the 
relevant elements in this layer for some elements in last 
layer. We assume that element Ak in layer A and elements 
Bl, B2, , Bn in  next layer are linked, and make judgment 
matrix in the TABLE I.

In Table I, bij represents the numerical express ions of 
Bi comparing to Ak, which is 

called scale value. The value of bij is usually among 1, 3,
5, 7, 9 and their recip rocals. The meanings of the scale 
values are list in the TABLE II.

TABLE I
JUDGMENT MATRIX TABLE OF HIERARCHY ANALYSIS 

Ak B1 B2 Bn

B1 b11 b12 b1n
B2 b21 b22 b2n

Bn bn1 bn2 bnn
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TABLE II
TABLE OF SCALE VALUE 

Scale value Meaning
1 The two elements have equal importance
3 The former element is slightly more important
5 The former element is obviously more important
7 The former element is strongly more important
9 The former element is extremely more important

2, 4, 6, 8 intermediate value of the judgment above
reciprocals The ratio of importance of element j and I is bji=1/bij

if the ratio of importance of element  i and j is bij

Then we calculate the weights W according to the 
scoring results given by the experts  [8]. We collect the 

 into the 
judgment matrix table according to the scale of the table. 
And then we obtain the characteristic root and eigenvector 
for matrix B which meet the condition BA=KmaxA. Finally 
we obtain eigenvector A= (A1, A2, A3) by normalizat ion, 
name the weight value of each factor.

Consistency verificat ion of the judgment matrix is 
needed to see if the eigenvector above is reasonable 
weight distribution. The verification formula is (1).

CR=CI/RI                                  (1) 
In the formula, CR represents the random 

consistency ratio of the judgment matrix, and CI is the 
general consistency index of the judgment matrix. The 
formula of CI is (2).

CI=( max n)/(n-1)                        (2) 
In the formula, max represents the maximum 

characteristic root of the matrix, and RI is the average 
random consistency index of the judgment matrix. The RI 
values of 1-9 o rders judgment matrix are v isible in the 
TABLE III.

TABLE III
VALUE OF THE AVERAGE RANDOM CONSISTENCY INDEX 

n 1 2 3 4 5 6 7 8 9
RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45

Judgment matrix P has satisfactory consistency if its 
CR < 0.1, or max = n, CI= 0, otherwise we should adjust 
the element in P to  make sure it has satisfactory 
consistency [9]. In this way we get the arrangement of the 
risk factors.

C. Assessment of Comprehensive Risk  

We mark for the risk indicators according to  the 
occurring possibility of risk. According to the grey system 
theory [10], we set 5 grey  category grades respectively 
representing "low risk", "relatively low risk", "ordinary 
risk", "relatively high  risk" and "high risk". The grades 
are represented by e=1,2,3,4,5,which correspond marking 
range 0-2, 2-4, 4-6, 6-8, 8-10, and they form vector 
Z=[1,3,5,7,9]. 

Grey category e=1 (low risk), whitened weight 
function f1 [11] is formula (3). 

f1(d)=
1 0

2 [0,2]
0 [0,2]

d
d d

d
                          (3) 

Grey category e=2(relatively low risk), whitened 
weight function f2 is formula (4). 

f2(d)=
/ 2 [0,2]

2 / 2 [2,4]
0 [0,4]

d d
d d

d
                    (4) 

Grey category e=3(ord inary risk), whitened weight 
function f3 is formula (5). 

f3(d)=
/ 4 [0,4]

2 / 4 [4,8]
0 [0,8]

d d
d d

d
                    (5) 

Grey category e=4(relat ively h igh risk), whitened 
weight function f4 is formula (6). 

f4(d)=
/ 6 [0,6]

2 / 6 [6,12]
0 [0,12]

d d
d d

d
                  (6) 

Grey category e=5(high risk), whitened weight 
function f5 is formula (7). 

f5(d)=
/ 8 [0,8]
1 [8, )
0 [0, )

d d
d
d

                    (7) 

So we can obtain the gray evaluation coefficient xij 
belonging to the evaluation grey category e as follows .

xij e(dij)                                (8) 
The overall gray evaluation value is denoted by X.

x xe
ij                                                       (9) 

re
ij denotes the gray evaluation weight of index 

, then:
re

ij= xe
ij/x                                (10) 

The gray evaluation matrix of the index factor is :

Ri=

1

2

i

i

ij

r
r

r

=

1
1 1

1

f
i i

f
ij ij

r r

r r

1
fr1i1

f
ijrij

fr

We make a synthesized evaluation of the vector 
consisting of the index factors, then gray evaluation 
weight matrix B of various risks is the product of the 
weight vector and Ri. And the gray evaluation weight 
matrix of each evaluation gray category is as follows. 

R=

1

2

m

B
B

B

=
11 1

2

f

m mf

b b

b b

1 fb11 f1 fb1 f

bmfbmfb

Synthesized evaluation weight vector of layer U for 
the pipeline evaluation is denoted by B, then: 

B=A×R                                (11) 
Accordingly, we can obtain the synthesized 

evaluation value [12] of the air and oil pipeline pro ject 
investment risk as follows. 

W=B×ZT                                               (12) 

468 L. Mu and X. Bi



III. RESULTS

A. An  Example of Air and Oil Pipeline Project Investment 
Risk 

A pipeline project to be constructed is the connecting 
pipelines between air pipeline A and B. The length of the 
whole pipeline is estimated to be 93.0km,  and the pipeline. 
L485 helix (o r straight) submerged arc welded steel p ipe 
is applied to constructing the pipeline. The design 
pressure is 10.0MPa. 7 valve chambers need to be 
constructed, 2 of which are monitoring and controlling 
valve chambers, and the others 5 are monitoring valve 
chambers. The two stations above should be reformed and
no new station is built. 

Polyethylene composite structure coating layer and 
impressed current cathodic protection are applied to the 
whole pipeline, with two cathodic protection stations 
build along the pipeline. There are two large crossings of 
rivers along the expected pipeline route, as well as 12 
medium crossing projects, 1 crossing of high speed rail 
being under viaduct, 4 crossings of freeway,  1 crossing of 
state road and 6 crossings of provincial highways. The 
main landscape along the pipeline is paddy fields. 

B. Results of Risk Identification 

The experts obtain the results according to the 
practical p roject situation, questionnaires and related 
literature [13] [14]. The investment risk of this air and oil 

pipeline pro ject can be divided into five categories 
according to the character of the risk factors. 

(1) resource risk 
Resource risk main ly consists of the reserve and 

production of oil and gas, funds and capital structure. 
(2) management risk 
Management risk main ly consists of irrat ional 

management system, construction program plans, 
irrational resource allocation and so on. 

(3) security risk 
Security risk mainly consists of design flaws, 

pipeline corrosion, the third party damage and so on. 
(4) economic risk 
Economic risk main ly consists of annual 

transportation and market supply and demand. 
(5) environmental risk 
Environmental risk mainly  consists of natural 

disasters, policy and economic situation. 
Establish risk assessment indicator system [15] as 

Fig.1 according to the identified factors. Corresponding 
investment decision risk in target layer is represented by 
U. Factors in guideline layers are resource risk, 
management risk, security risk, economic risk, 
environmental risk, which are represented by Ui

(i=1,2,3,4,5), and factors in indicator layer are represented 
by Uij (i=1,2,3,4,5;

C. Results of Sorting Risk  Factors 

We obtain the weights of the risk factors by experts 
marking method. For example, the result of mark and 
calculation for expert 1 is in the TABLE IV-IX.

Investment risk 
U

Management 
risk U2

Security risk U3
Economic risk 

U4

Resource risk 
U1

Environmental 
risk U5

Reserve and 
production of 

oil and gas U11

Funds and 
capital structure 

U12

Irrational 
management 
system U21

Construction 
program plans 

U22

Design flaws 
U31

Irrational 
resource

allocation U23

Pipeline 
corrosion U32

Third party 
damage U33

 Annual 
transportation 

U41

 Market supply 
and demand U42

Natural 
disasters U51

Policy U52

Economic 
situation U53

Fig.1. Investment risk indicator system 

TABLE IV
JUDGMENT MATRIX AND WEIGHT CALCULATION OF LEVEL 

TWO INDICATOR 
U U1 U2 U3 U4 U5 Weight W
U1 1 1/2 1/7 1/3 1/5 0.0497
U2 2 1 1/5 1/2 1/3 0.0842
U3 7 5 1 5 3 0.5063
U4 3 2 1/5 1 1/2 0.1306
U5 5 3 1/3 2 1 0.2293

max=5.096

TABLE V
MATRIX AND WEIGHT CALCULATION OF RESOURCE RISK 

U1 U11 U12 Weight W
U11 1 1/2 0.3333
U12 2 1 0.6667

max=2
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TABLE VI
JUDGMENT MATRIX AND WEIGHT CALCULATION OF 

MANAGEMENT RISK 
U2 U21 U22 U23 Weight W
U21 1 1/5 1/3 0.1047
U22 5 1 3 0.6370
U23 3 1/3 1 0.2583

max=3.0385

TABLE VII
JUDGMENT MATRIX AND WEIGHT CALCULATION OF 

SECURITY RISK  
U3 U21 U22 U23 Weight W
U21 1 3 2 0.5396
U22 1/3 1 1/2 0.1634
U23 1/2 2 1 0.2970

max=3.0092

TABLE VIII
JUDGMENT MATRIX AND WEIGHT CALCULATION OF 

ECONOMIC RISK 
U4 U11 U12 Weight W
U11 1 2 0.6667
U12 1/2 1 0.3333

max=2

TABLE IX
JUDGMENT MATRIX AND WEIGHT CALCULATION OF 

ENVIRONMENT RISK 
U5 U21 U22 U23 Weight W
U21 1 1/5 1/4 0.0974
U22 5 1 2 0.5695
U23 4 1/2 1 0.3331

max=3.0246
We can obtain the calculation result of weight 

vectors in guideline layer and target layer from the 5 
experts by the method above, and fill the table below with 
the result. The table is weight values summary  table of 
each indicator. Then we calculate the arithmetic average 
value the weight vectors from the 5 experts. The final 
weights of each assessment indicator are list in the 
TABLE X. Thus we sort the risk weights in descending 
order. The result is listed in TABLE XI.

TABLE X
WEIGHT VALUES 

weight Experts number W
1 2 3 4 5

U1 0.0497 0.1525 0.0523 0.0546 0.3976 0.1413
U2 0.0842 0.0523 0.0887 0.4360 0.0767 0.1476
U3 0.5063 0.2621 0.1525 0.1543 0.1617 0.2474
U4 0.1306 0.0887 0.2621 0.0898 0.0417 0.1226
U5 0.2293 0.4443 0.4443 0.2653 0.3223 0.3411
U11 0.3333 0.1667 0.2500 0.7500 0.3333 0.3667
U12 0.6667 0.8333 0.7500 0.2500 0.6667 0.6333
U21 0.1047 0.2297 0.1958 0.1220 0.1571 0.1619
U22 0.6370 0.1220 0.4934 0.6483 0.5936 0.4988
U23 0.2583 0.6483 0.3108 0.2297 0.2493 0.3393
U31 0.5396 0.5954 0.5396 0.6483 0.5917 0.5829
U32 0.1634 0.1283 0.2970 0.2297 0.0751 0.1787
U33 0.2970 0.2764 0.1634 0.1220 0.3332 0.2384
U41 0.6667 0.2500 0.6667 0.1667 0.3333 0.4167
U42 0.3333 0.7500 0.3333 0.8333 0.6667 0.5833
U51 0.0974 0.0936 0.1396 0.1958 0.1634 0.1380
U52 0.5695 0.6267 0.5278 0.4934 0.2970 0.5029
U53 0.3331 0.2797 0.3325 0.3108 0.5396 0.3591

TABLE XI
INVESTMENT RISK FACTORS SORT TABLE 

Risk Sub-factor Risk weight
Policy U52 0.1715

Design flaws U31 0.1442
Economic Situation U53 0.1225

Capital and capital structure U12 0.0895
Construction program plan U22 0.0736
Market supply and demand  U42 0.0715

Third party damage U33 0.0590
Reserve and Production of oil and gas U11 0.0518

Annual delivery amount U41 0.0511
irrational resource allocation U23 0.0502

Natural Disasters U51 0.0471
Pipeline corrosion U32 0.0442

Management system U21 0.0239

TABLE XII
INVESTMENT RISK INDICATORS MARKING TABLE 
score Expert  number

1 2 3 4 5
U11 4 2 1 2 2
U12 4 4 1 6 2
U21 2 4 0 4 2
U22 6 8 5 6 6
U23 4 6 4 6 6
U31 8 6 6 4 4
U32 5 4 4 4 6
U33 6 5 5 6 6
U41 1 2 1 0 4
U42 4 6 4 6 6
U51 6 4 8 4 2
U52 8 10 8 8 9
U53 6 8 8 6 7

TABLE XIII
OIL AND GAS RESERVE AND PRODUCTION RISK GRAY 

EVALUATION WEIGHT VECTOR TABLE 
Score 
gray 

category
4 2 1 2 2 Evaluation 

weight

1 f1(4) f1(2) f1(1) f1(2) f1(2) 1 0.0956
2 f2(4) f2(2) f2(1) f2(2) f2(2) 3.5 0.3347
3 f3(4) f3(2) f3(1) f3(2) f3(2) 2.7500 0.2629
4 f4(4) f4(2) f4(1) f4(2) f4(2) 1.8334 0.1753
5 f5(4) f5(2) f5(1) f5(2) f5(2) 1.375 0.1315

10.4584

D. The Gray Comprehensive Evaluation Value

The experts mark for the measurement of the risk 
value according the gray theory. Marking survey table is 
as the TABLE XII.

We calculate the gray evaluation weight vector of the 
risk evaluation indicators by the table dispatching 
method .The calculation result of oil and gas reserve and 
production risk gray evaluation weight vector is as  the 
TABLE XIII.

The gray evaluation weight vector of Ull obtained 
from the TABLE XIII is:

r11=(0.0956,0.3347,0.2629,0.1753,0.1315) 
We can obtain the other gray evaluation weight 

vectors in the table in the same way. Thus we obtain the 
gray evaluation weight matrixes of U1, U2 , U3 ,U4, U5. 

R1=
0.0956 0.3347 0.2629 0.1753 0.1315
0.0934 0.1401 0.3035 0.2646 0.1984
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R2=
0.1053 0.2105 0.3158 0.2105 0.1579

0 0 0.2118 0.4235 0.3647
0 0 0.3158 0.3910 0.2932

R3=
0 0 0.2857 0.3810 0.3333
0 0 0.3644 0.3563 0.2794
0 0 0.2769 0.4000 0.3231

R4=
0.3214 0.2143 0.2143 0.1429 0.1071

0 0 0.3158 0.3910 0.2932

R5=
0 0.0968 0.2903 0.3226 0.2903
0 0 0 0.3617 0.6383
0 0 0 0.4878 0.5122

Thus we obtain the gray evaluation weight matrixes 
of each risk accord ing to the product of investment risk 
weights and Ri, and then obtain the gray evaluation weight 
matrix of each evaluation gray categories. 

R=

0.0942 0.2115 0.2886 0.2318 0.1739
0.0170 0.0341 0.2639 0.3780 0.2070

0 0 0.2977 0.3811 0.3212
0.1339 0.0893 0.2735 0.2876 0.2157

0 0.0133 0.0401 0.4016 0.5450
According to the weight vector A, then we can 

calculate the investment risk comprehensive evaluation 
weight vector of this o il and gas pipeline p roject as 
follows. 

B= 0.0322 0.0504 0.2006 0.3551 0.3617
Finally  we calculate the gray  comprehensive 

evaluation value W of the oil and gas pipeline pro ject 
investment risk. 

W= 0.0322 0.0504 0.2006 0.3551 0.3617 ×

1 3 5 7 9 T =6.93 

IV. DISCUSSION 

The comprehensive evaluation value of the project 
risk is 3.28 based on the gray analytic hierarchy process. 
It shows that the overall risk of this project is relatively 
high. It  can provide decision basis for the pro ject 
investors. Besides, managers should make prevention and 
control of the risks beforehand according to the sort of the 
risk grades in the project reality, in order to realize risk 
minimizat ion and benefits maximizat ion. 

V. CONCLUSION 

The construction of oil and gas pipeline in  China is 
in the period of prosperity. However, oil and gas pipeline 
projects are often with h igh risk and large uncertainty, and 
are faced with interferences and threats from resource, 
economy, environment and so on. These risks often result 
in huge economic losses and social impact.

While analyzing and summarizing oil and gas 

pipeline project investment risk, the paper uses the risk 
management theory to establish risk analysis of ideas. In 
the investment stage of the project, we establish risk 
evaluation index system, and assess the overall risk of the 
project. The results can help to  guarantee the safety in the 
operation of the pro ject and take appropriate risk 
management measures.
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Xing BI*, Chi WANG
Collage of Management and Economics, Tianjin University, Tianjin, China 
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Abstract - The risk analysis of the enterprise toward 

Chinese clean development mechanism (CDM) projects is 
proposed in this paper, which has important theoretical and 
practical significance to the relevant enterprises and 
sustainable development of China. Based on the analysis of 
risk factors, which extracting indexes from three aspects of 
the national level, multilateral trade level and the enterprise 
level, the risk index system is established. Then based on the 
fuzzy comprehensive evaluation method and analytic 
hierarchy process (AHP), the risk analysis model is 
established and applied to analyze. The research in this 
paper will help Chinese CDM projects seller enterprises to 
strengthen risk prevention and management in CDM 
projects, and promote the health development of CDM 
projects in China. 

Keywords – CDM, Fuzzy Comprehensive Evaluation, 
project management, risk analysis 

I. INTRODUCTION 

With the Kyoto Protocol come into force, the 
development and implementation of the Clean 
Development Mechanism (CDM) projects brings 
additional capital and advanced technology to Chinese 
enterprises. The CDM projects is benefit to both the 
global greenhouse gas emissions and China’s sustainable 
development [1]. However, due to the obstacles of 
philosophy, law and some other aspects, domestic 
enterprises, especially small and medium-sized ones, do 
not have deep understanding of the CDM, and strange to 
the risks specific to the CDM, which bring a lot of 
potential risks to enterprises participated in this new state 
trading [2].

China has become a major strategic country of 
developed countries to carry out CDM projects [3]. Data 
form shows that, as of April 2014, a total of 5048 CDM 
projects has been approved by the national development 
and reform commission, including 3793 projects in the 
CDM executive board (EB) successful registration. And 
1389 projects get certified emission reductions (CERs) [4].
As a country with world’s largest amount of CDM 
registered projects and largest expected annual emission 
reductions, however, China is far behind the western 
countries in the studies of method, the carbon finance 
market development, designated operational entity (DOE) 
registration and other aspects, and the imbalance between 
buyers and sellers brings a number of risks to Chinese 
enterprises [3,5].

II. RISK ANALYSIS OF CHINESE CDM PROJECTS 
SELLER ENTERPRISES 

Sun Zeng-qin thought that domestic enterprises in 

clean development mechanism projects are still faced 
with the basic project risks, political risk and legal 
changes as well as its own unique risk like regulatory 
approval, CREs delivery, etc., and analyzed the risk 
control path to the risks above in qualitative point [6].
Wang Dan and Wang Ning divided CDM project risk 
assessment index into pre-investment period, investment 
and construction period, operation period and other 
policies, then quantified CDM projects risk with the 
method of fuzzy cluster analysis and triangular fuzzy 
number analytic hierarchy process [7]. Ma Jian-ping and 
Zhuang Gui-yang thought that there are five major risk 
event: approval defeat, validation returned, registration 
fail, reporting bias and breach of agreement. In addition, 
the owners also face financial crisis, uncertain 
post-Kyoto international emissions reduction 
mechanisms and other systemic risk [8]. Matsuhashi R 
analyzes the various risks CDM projects exist, including 
price risk, certification risk, baseline risk and country risk. 
Then, the financing of securitization to diversify risk, 
issue project bonds and diversified investment are put 
forward as effective ways to control risk [9].

The fuzzy comprehensive evaluation was proposed 
by Professor L. A. Zadeh in 1965 [10]. It is used to repent 
the uncertainty of things based a comprehensive 
evaluation of mathematical methods. It has many 
advantages in the use of multi-level fuzzy comprehensive 
evaluation method to analyze the risk of CDM projects 
seller enterprises. Firstly, it is suitable for the study of the 
fuzzy nature. Secondly, multi-level is beneficial to 
determine the importance and membership of objects to 
be evaluated. Finally, it can evaluate well for both subject 
and object factors. 

III RISK ASSESSMENT MODEL BASED ON 
MULTI-LEVEL FUZZY COMPREHENSIVE 

EVALUATION 

A. Construction of Risk Evaluation Index System 

Based on the risk factors analysis of Chinese CDM 
project seller enterprise, build risk analysis index system 
with fuzzy comprehensive evaluation and AHP from 
three levels: the national level, the multilateral trade level 
and the corporate level, and apply analysis with this 
model. 

We set the risk of Chinese CDM project seller 
enterprise as the goal layer, which is represented by A. 
Then divide it into three intermediate goal, the national 
level (B1), the multilateral trade level (B2) and the 
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corporate level (B3). The factors in national level are 
embodied in economic conditions (C1) and policy 
conditions (C2); the factors in multilateral trade level are 
embodied in international trade (C3) and international 
policy (C4); the factors in corporate level are embodied 
in registration and approval (C5) and project 
implementation (C6). Finally, select fifteen indicators as 
the basic factors, which are classified and combined to 
their upper level. These indicators are represented by Di 
(i=1, 2… 15). The index system is shown in Fig.1, 2, 3. 

B. Risk Evaluation Model 

There are 6 basic steps in fuzzy comprehensive 

evaluation [11].
(1) Determine the fuzzy evaluation index set U 

(2) Determine evaluation set V 
(very good, good, fair, 

poor, very poor) 
Get value of set V: 

= (10, 8, 6, 4, 2) 
It means that very good get the point of 10.  
(3) Determine the single factor evaluation matrix 

(membership matrix) R 
The matrix element rij in R means the membership 

of something to the vj grade fuzzy subset from the view 

National Level

Economic Conditions Policy Condition

Growth Rate of GDP Proportion of 

Low-carbon Industry 

Maturity of Domestic 

Carbon Trading Market

Support Policy for 

Low-carbon Industry 

Changes of Domestic 

Law for CDM

Fig.1. National level index system 

Multilateral Trade Level

International Trade International Policy

Exchange Rate 

Fluctuation

Price Changes of 

CERs

Disputes Changes of International 

Law for CDM

International

Climate Negotiation

Fig.2. Multilateral trade level index system 

Corporate Level

Registration and Approval Project Implementation

DOE Validation and 

Monitoring

Methodology 

Approval

EB Registration Basic Risks of 

Construction Project

Risk of CERs 

Payment

Fig.3. Corporate level index system 
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of ui. And the value range of membership is [0, 1]. 
(4) Determine the weight of each index set A 
According to the degree of importance of each 

factor, give appropriate weight on each index indicators, 
to compose a weight set of evaluation factors. 

, and  (1) 
Determine the weight is key of comprehensive 

evaluation. Analytic Hierarchy Process (AHP) is an 
effective method to determine the weight, especially for 
the complex problems which are difficult to analyze by 
quantitative indicators. So we choice AHP in this study to 
determine the weight of indicators in each level. 

The specific steps to determine the weight use of 
AHP: 

1) Establish the hierarchy model. 
2) Establish pairwise comparison judgment matrix. 
Use the 1-9 scale method on the weight assignment, 

as shown in Table I. 

TABLE I 
1-9 SCALE METHOD 

Comparative 
scale Meaning

1 Two elements compared, the same important 

3 Two elements compared, one is slightly more 
important than the other 

5 Two elements compared, one is more important than 
the other 

7 Two elements compared, one is much more 
important than the other 

9 Two elements compared, one is extremely more 
important than the other 

2,4,6,8 Intermediate value between the two adjacent 
analyzing

It will get the relative importance of each element. 
3) Consistency check 
Calculate eigenvalue of each comparison judgment 

matrix  to check consistency.  

         (2) 

 is the consistency index; 

        (3) 

The value of  is showed in Table II. 

TABLE II 
AVERAGE RANDOM CONSISTENT INDICES 

order 1 2 3 4 5 6 7 8 
R.I. 0 0 0.58 0.89 1.12 1.26 1.36 1.41

When , comparison judgment matrix 
has satisfactory consistency. When ,
comparison judgment matrix has to be weighted again. 

4) Calculate the weight combination of each layers 
According to the upper weight, calculate the 

combination weight of each elements to the top layer. 
Then calculate the consistency for the whole hierarchy 

model. 
(5) Calculate fuzzy comprehensive membership 

value set B [12]

The single factor evaluation matrix in some level is 
Rk, According the weight set Ak, the fuzzy 
comprehensive membership value set of each level is 

        (4) 
(6) Model [13]

After normalization, we get .
According to the weight set for the top level A, we 

can get the comprehensive evaluation index for the top 
goal. (After normalization). 

         (5) 
The final risk score S is 

         (6) 
The comprehensive membership S is the evaluation 

score for object U. 

IV. APPLICATION 

Taking a municipal solid waste incineration power 
generation CDM project as an example [14-15]. Use the 
risk analysis model for application. 

Get the integrated weight of all levels by AHP. As 
shown in Table III. 

TABLE III 
INTEGRATED WEIGHT OF ALL LEVELS 

Level Weight Indicator Weight

National
Level 0.105 

Growth Rate of GDP 0.062 
Proportion of Low-carbon Industry 0.079 

Maturity of Domestic Carbon 
Trading Market 0.243 

Support Policy for Low-carbon 
Industry  0.320 

Changes of Domestic Law for 
CDM 0.296 

Multilateral 
Trade
Level 

0.637 

Exchange Rate Fluctuation 0.126 
Price Changes of CERs 0.119 

Disputes 0.239 
Changes of International Law for 

CDM 0.145 

International Climate Negotiation 0.370 

Corporate
Level 0.258 

DOE Validation and Monitoring 0.306 
Methodology Approval 0.200 

EB Registration 0.138 
Basic Risks of Construction Project 0.052 

Risk of CERs Payment 0.304 

According to weight of indicators, combined with 
evaluation of fuzzy numbers, we can get the evaluation 
vector of all aspects after normalization [ ]. 

So the comprehensive evaluation index after 
normalization B. 

After calculation, the final score is of this project is 
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4.5. It means that, the project is in the general level of 
risk, and this enterprise have some larger potential risks. 

V. CONCLUSION 

This paper analyses the influence factors to Chinese 
CDM project seller enterprises from the level of national, 
multilateral trade and corporate, and constructs a risk 
analysis model with fuzzy comprehensive evaluation and 
AHP. Combined with a project case, an empirical 
research based on risk analysis model is carried out. After 
calculation, the final risk score is 4.5. It can be concluded 
that the project is in the general level of risk, and this 
enterprise have some larger potential risks. This model 
has a certain operability, but the system should continue 
to improve in practice for more accurate risk prediction. 
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Abstract - The International Engineering Contracting 
EPC projects have the characteristics of high risk, intense 
complexity and numbers of uncertainties. Thus, as the basis 
of the risk assessment, risk response and risk control, risk 
identification can achieve the goal of systematically, 
dynamically identify, classify, and analyze the risk, thereby 
contributing to risk aversion and reducing the risk of loss. 
In this paper, through the literature review and survey 
analysis, filter out the risks which has the larger-
probability of occurrence, the higher-degree of harm and 
the weaker-management-capacity, establishing the list of 
risk factors of international project contracting EPC 
project. Subsequently, this paper suggests the use of 
interpretative structural modeling (ISM) to prepare a 
hierarchical structure as well as the interrelationships of 
these risks, exploring the mechanism of interaction between 
the risks with the steps as followed, establishing the 
adjacency matrix and reachability matrix according to the 
bivariate correlation between the risk factors to, and 
dividing into elements of level, so as to provide theoretical 
and practical instruction as well as to offer the EPC 
contractor additional evidence on the decision-making.

Keywords - Engineering procurement construction
(EPC), interpretative structural modeling (ISM), risk 
identification

I. INTRODUCTION

During the year of 2013, China's foreign contracted 
projects turnover has come to $ 137.14 billion, with an 
increase of 17.6%; At the same time, the new contract 
amount of the foreign contracted projects has come to 
$ 171.63 billion, with an increase of 9.6%, including the 
number of pro jects in billions of dollars is 392, which 
represents an increase of 63 over the same period of last 
year. Taking the market distribution situation into 
consideration, the tradit ional markets of Asia, Africa 
remain a major area of foreign project contracting, and 
the situation in those countries and regions of 
concentrated market continue unrest in recent years. In 
addition, the trade protectionism forces of the 
international market rises , the capacity of corporation
finance requirements generally increases in the 
post-crisis era. Also, global climate change has made the 
health, safety and environmental issues received 
unprecedented attention. These problems are making the 
risk of international projects greatly improve. With an 
increasingly large scale of projects, technology increases
complex, the project integration (survey, design, 
procurement, construction, operation) trend is 
increasingly evident, and the international engineering 
EPC model is becoming main stream as well.

Our companies business towards the international 
engineering contracting is expanding rapidly, 
nevertheless the profitability has stayed at the low

condition, and even some of the projects remains are far 
below the international average level. The complex 
project environment, the lack of experience in the 
implementation of major projects and ability in risk 
management have resulted, directly or indirectly, various 
types of problems occurrence during the project 
implementation process , such as the quality of the project 
cannot be guaranteed, the project schedule delays, and 
low profits remains. Compared with general engineering 
projects, international EPC projects are much more 
susceptible to the influence of many environmental 
factors change. Since there are many uncertainties during
the implementation process, therefore, the risk analysis 
towards the nature and the impact of the risk factors 
which may have effect on the projects and the effect ive 
identification for the interaction mechanism seem
particularly important.

Chihuri, Pretorius (2010) [1], Fang D.P, Wang S.Q.
(2010) [2] took the method of brainstorming and expert 
interviews to  identify  the risk factors related to security 
from the projects in South Africa and the Beijing 
Olympic venues respectively. Mañelele, Muya (2008) [3]

got the risk factors identified in the construction project 
in Zambia through brainstorming. Sun Y. (2008) [4]

focused on identify ing and assessing the inherent 
security risks of Beijing Olympic venue construction by 
brainstorming, interviews and questionnaires with 27 
experts from universities and admin istrative,
construction sector. Ke Y.G., Wang S.Q. (2011) [5]

figured out 20 major risk factors for Chinese PPP 
projects through two rounds of the Delphi method. Li 
Y.B., Tang H. (2011) [6] set sea-sand projects of the 
Guangzhou Asian Games as an example , build ing large 
clusters project risk analysis matrix with WBS-RBS 
model so as to identify and analysis. The above risk 
identification take the use of qualitat ive methods, 
however, for more complex systems of large projects ,
entirely qualitative identification will generate a very 
large solution space expansion, while the explanation 
towards the behavior of the system will also become 
extremely difficult. Therefore, the method of quantitative 
identification can effectively reduce parts of computing 
ambiguity. Jaruskova. D. (2009) [7] applied FTA and RTA 
in the risk quantification process of tunnel excavation 
implementation, which is prone to omissions and errors 
when applied  to complex systems. Fang X.J. (2010) [8]

established a quantitative analysis model with the 
method of the fuzzy graph theory, accomplishing the 
security risks identification of highway tunnel project. 
Ohtaka H., Fukazawa Y. (2010) [9] used the cyclic causal 
model identify the main risk of the major issued projects 
under the system integration environment. Lin  Y., Zhou 
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Z. (2011) [10] focused on the impact of design changes on 
supply chain risk, assessing of the Chinese SPV (Special 
Purpose Vehicle, SPV / company) supply chain risk. 
Currently, the project risk analysis application has 
become a combination of quantitative and qualitative 
methods. Cheng Y., Liu Z.B. (2011) [11] figured out the 
large cross Shallow highway tunnel construction risk, 
combin ing the expert investigation method with analytic 
hierarchy process.

In addition, facing the complex causal linkage 
between risk factors, some scholars have studied the 
relationship between risk factors through mathemat ical 
methods and models. Eunchang Lee (2009) [12] took the
ship-building projects for example, and established a 
Bayesian network risk assessment process applying the 
Bayesian network to the risk assessment. Zhou G.H. and 
Peng B. (2009) [13] took use of Bayesian network to 
analyze the quality-related risk factors of 
Beijing-Shanghai high-speed railway construction 
project. Recently, many basic probability of occurrence 
of events in research are based on determined value 
representing. In fact, the external environment where 
each projects constructs is different from each other, and 
constantly changes, why it  is difficult to determine the 
numerical expression of the probability of an event 
occurrence. Lu Y. (2010) [14] pointed out that we can take 
advantage of expert knowledge and expert judgment to 
the semantic variable so as to change the vague 
description-probability of an event into the triangular 
fuzzy number or t rapezoidal fuzzy number, and then 
accomplish risk probability forecast through 
Defuzzication  and Bayesian network inference 
technology. Lyer and Mohammed (2010) [15] identified 
the relationship between the life -cycled risk factors of 
Indian highway PPP project by using ISM model and 
MICMAC analysis, which found out that delayed
payments, cost overruns and schedule overruns has the 
strongest correlation with the other 14 risk factors . In this 
paper, we establish a list of risk factors of the 
international EPC contracting through literature review 
and survey methods, apply ISM model to study the 
interaction mechanis m of risk factors, setting a delivered 
structural diagram of risk factors in the international EPC 
project for intuitive interpretation and analysis.

II. LIST OF RISK FACTORS OF THE 
INTERNATIONAL EPC CONTRACTING

The social environment of Africa, Southeast Asia 
and the Middle East is quite volatile, and the natural 
environment there is much severe, where the project's 
general contractor is faced with more complex risk 
environment. According to the occurrence stage of risk 
factors of international EPC contracting project, their 
frequency of occurrence, the degree of harm and 
corporatio risk management capabilities are 
investigated and analyzed. Through access to a large 
number of references and background information, we 
initially div ide the risk factors for international EPC 
projects into 3 levels in accordance with pro ject 

environmental risk, project part icipants risk and project
management risk consisting of 19 categories and 37 risk 
factors. The main decomposition structure is as follows.

1) Project environmental risk
Including the possible risk factors from the 

international EPC projects in the external environment,
The main categories are as follows: (1) political risk (risk 
of political instability, risk of poor geopolitical 
relationship); (2) socio-cultural risk (risk of social 
security chaos, religious and cultural differences ); (3) 
natural environmental risks (force majeure risk, risk of 
adverse environmental construction); (4) market ing risk 
(exchange rate risk, inflat ion risk, interest rate 
fluctuations risk); (5) legal environment risk (risk o f the 
host country imperfect legal system, risk of the host 
country law changing).

2) Project participant risk
Including the risk factors which pro ject participants 

may bring in the international EPC project internal and 
external interactive environment. The major categories
are as follows: (1) subcontract management risk (risk of 
poor coordination of subcontractors, risk of 
subcontractor undue performance); (2) contract 
management risk (risk of unstandardized contract 
management, risk of contract changing); (3) 
organizations and people risk (leadership /  management / 
technical staff risk, risk of labor disputes).

3) Project management risk
The risk factors include these international EPC 

project management contractor may face in the internal 
environment. The major categories are as fo llows: (1) the 
tender decision risk (risk of mistakes for p roject selection, 
risk of inadequate project investigation); (2) capital risk 
(project financing / guarantee availability of risk, risk of 
insufficient expected capital on the early stage of the 
project); (3) design risk (risk of design errors, risk of 
inconsistent design, risk of defective design, risk of 
design delay); (4) procurement risk (risk of procurement 
plans management failu res, materials/ equipment 
procurement risk, risk of inadequate clearance of imports, 
risk of unreasonable procurement and construction 
convergence, the owners undue interference towards
procurement); (5) technical risk (risk of insufficient 
attention to their environment, construction technology 
risk, technology transfer risk); (6) 
insurance/guarantee/credit risk (inadequate insurance 
policy risk, risk of inadequate guarantee security 
measures); (7) risk of complet ion and acceptance 
(commissioning risk, transfer risk).

III. IDENTIFICATION TOWARD THE 
INTERNATIONAL EPC PROJECT RISK

Even Risk factors of international EPC projects has 
been initially screened, because it has certain subjectivity, 
so it ultimately affects the results of analysis and 
evaluation. Thus, according to the selected risk factors 
above, the risk factor questionnaire of international EPC 
project is designed with the purpose of deeper scientific 
screening. The questionnaire consists of fo llowing three 
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parts: 
(1) Expert background information. It is collected 

for statistics of the resource of the informat ion,
understanding the implementation of the risk
identification in industry, enterprise as well as leadership 
management, technology level, and timely feedback the 
research information to respondents .

(2) Instructions for filling out the questionnaire. The 
definit ion of risk factors and ru le for risk assessment 
involved in questionnaire should be explained exactly,
ensuring that the investigators effectively fill in the 
questionnaire, which is based on the scene set properly in 
advance.

(3) Parts of risk assessment. According to the 
second part of the assessment rules, investigators give 
every risk factor a score for the occurrence phase of
international EPC risk factors, the occurrence frequency,
and degree of harm and enterprise risk management 
capability. The scoring method is as shown in Table I-III.

TABLE I
GRADING RULES FOR OCCURRENCE FREQUENCY OF RISK

Score Frequency Definition
7 Frequently Once a week 
6 Very likely Once a month
5 Likely Once a fiscal year
4 Sometimes Once 3 fiscal years(enterprise),once a 

year(industry)

3 Seldom Once 10 fiscal years(enterprise),once 5 
years(industry)

2 Rarely Once over 10 fiscal years(enterprise),once over 
5 years(industry)

1 Never Never happen
TABLE II

GRADING RULES FOR DEGREE OF HARM OF RISK
Score Degree of harm

4 Extremely seriously
3 Seriously
2 Generally seriously
1 Slightly

TABLE III

CAPABILITY
Score Capability Definition
5 Strongly

capable
Staff have a strong sense of risk management; 
enterprises has established a proper risk 
management system and early warning and rapid 
response mechanisms; the risk control measures 
can be adjusted according to changes in 
real-time situations

4 Highly
capable

Staff have a high sense of risk management; 
enterprises has established a risk management 
system; the risk control measures can adapt to 
the impact of the risk factors

3 Generally
capable

Staff have a basic sense of risk management; the 
risk management system can analyze and assess 
the risk factors; the risk control measures can 
solve some of the problems the risk factors 
cause

2 Poorly
capable

Personnel poor awareness of risk management; 
the risk management system cannot correctly 
analyze and assess risk factors; risk control 
measures cannot be taken to respond effectively 
to the consequences of the risk factors

1 Incapable No awareness of risk management; No risk 
management system established

The survey is taken in the form of an online form,
which will be sent to each of the respondents by e-mail.
The respondents of the survey were selected to be the 
staff of international engineering contracting business. 

The questionnaires of the survey were 100 copies total, 
recovered 71 copies withdrawn, 67 copies of valid 
questionnaires. The effective rate of the questionnaires 
was 94.37%. 

The terms of are much
balanced to meet the designed requirements of the 
questionnaire, which is required to cover the relevant 
departments involved in the project  implementation 
process so as to more scientifically  reflect risk factors. In 
addition, respondents work experience in the field of 
international pro jects for more than seven years accounts
for nearly 30%, while for 4-7 years accounts for more 
than half of the total copies. Therefore, these project 
management staff has extensive experience, then the 
informat ion provided can be of h igh reliab ility and 
accuracy.

A. The occurrence phase of international EPC risk 
factors

The occurrence phase of each international EPC 
project risk factor differs from each other, corresponding 
to its whole staged life cycle of the project. Most of the 
project's environmental risks may have the possibility of 
occurring in the four stages of the project 
implementation process , while marketing environment 
risks were more likely to occur at the project 
implementation phase. It is whether the external 
environment risk of the project (including natural and
social aspect) is stable that should be fully investigated 
during the decision-making phase of the project to decide 
bid or not. On the contrary, the marketing environment 
risks are associated with the construction, procurement, 
personnel organizat ion and other aspects of the project 
management and can have much more influence on the 
implementation process of the project. 

Then, project participant risks and project 
management risk have a more obvious nature of stages 
compared to the project environmental risk. The tender 
decision risk and capital risk mostly occur in the 
pre-project, such as evaluation and programming phase,
at the same times, the rest of the risks occur quite often
in the implementation process and the final acceptance 
phase.

B. The occurrence frequency and degree of harm of 
international EPC risk factors

The occurrence frequency of international EPC risk 
factors is closely related to the environment where the 
project exists, project participants the 

as well.
According to survey statistics, the results have to be 
examined with the consistency test (T-test). After that we
calculate the mean  and variance of the probability of 
occurrence of each risk factors, screening these risk 
factors of which the mean is less than the median 
average of the mean (M1 = 4.20) and of which the 
variance is greater than the median average of the 
variance (M2 = 1.20) That is to say, we screen these risk 
factors which may occur at the smaller probability and 
about which the investigators has greater disagreement
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with each other. The total comes to eight, including: risk 
of poor geopolitical relationship, risk of social security 
chaos, risk of adverse environmental construction, 
mistakes for project selection risk, risk of inadequate 
project investigation, technology transfer risk, risk of 
poor coordination of subcontractors , risk of labor 
disputes.

The degree of harm risk factors cause is estimated, 
based on the experience of each of the respondents, such 
as the project situation involved and their sensitivity 
towards the risk factors. Similarly, the results has to be 
conformed with the consistency test (T-test).Then we 
calculate the mean and variance of the degree of harm 
risk factors cause, screening these risk factors of which 
the mean  is less than the median average of the mean 
(M3 = 2.04) and of which  the variance is g reater than the 
median average of the variance (M4 = 0.56). Namely, we 
screen these risk factors which may cause a little  
problem and about which the investigators has greater 
disagreement with each other. The total comes to eight, 
including: risk of poor geopolitical relat ionship, risk of 
the host country law changing, risk of inadequate project 
investigation, risk of defective design,
interference towards procurement, technology transfer 
risk, inadequate insurance policy risk, commissioning 
risk.

C. Enterprise’s risk management capability
is mostly 

judged by the level of proper risk management system 
and early warn ing and rapid response mechanisms .
Accordingly, this article also calculate each of the 
various risk factors for enterprise
capability, screening these risk factors of which  the mean 
is less than the median average of the mean (M5 = 3.80) 
and of which the variance is greater than the median 
average of the variance (M6 = 0.56), which means we 
screen the risk factors which enterprise remains proper 
risk management system and early warning and rap id 
response mechanisms for and about which the 
investigators has greater disagreement with each other. 
That accounts seven factors, including: risk of poor 
geopolitical relationship, interest rate fluctuations risk,
risk of insufficient expected capital on the early stage of 
the project, risk of defective design, risk of inadequate 
clearance of imports ,
towards procurement, risk of contract changing.

D. Establishing a list of risk factors of the international 
EPC project

We can get further screening with the 
comprehensive statistical data above, consisting of the 
occurrence frequency, the degree of harm, and

factors. This article finally obtains 20 remain ing risk 
factors, constituting the international EPC contracting 
projects risk factors systems, with 17 factors screened.
1) Project environmental risk

(1) political risk (risk o f political instability); (2) 
socio-cultural risk (relig ious and cultural differences); (3) 

natural environmental risks (force majeure risk); (4) 
market ing risk (exchange rate risk, inflation risk);  (5) 
legal environment risk (risk of the host country imperfect 
legal system).
2) Project participant risk

(1) Subcontract management risk (risk o f 
subcontractor undue performance); (2) contract 
management risk (risk of unstandardized contract 
management); (3) organizat ions and people risk 
(leadership / management / technical staff risk).
3) Project management risk

(1) Capital risk (pro ject financing / guarantee 
availability of risk); (2) design risk (risk of design errors, 
risk of inconsistent design, risk of design delay); (3)
procurement risk (risk of procurement plans management 
failures, materials/ equipment procurement risk, risk of 
unreasonable procurement and construction 
convergence); (4) technical risk (risk of insufficient 
attention to their environment, construction technology 
risk);  (5) insurance/guarantee/credit risk (risk of 
inadequate guarantee security measures); (6) risk of 
completion and acceptance (transfer risk).

IV. FACTOR ANALYSIS TOWARD THE 
INTERNATIONAL EPC PROJECT RISK

 
Based on the international engineering contracting 

EPC pro ject risk list established above, the data of 20 
risk factors to the respondents on the list is collected 
again to analyze and research. In this paper, the 
explanation structure model (ISM) and principal 
component analysis method is adopted to explain and 
analyze the mechanis m of action between risk factors 
and the importance index.

Assume that the international engineering 
contracting EPC project risk system for R, Risk factors 
for Ri, so R = (R1, R2, , Rn). In  which, R1 refers to the 
political risk, R2 refers to the socio-cultural risk, R3
refers to the natural environment risk, R4 refers to the 
market ing risk, R5 refers to the legal environment risk,
R6 refers to the capital risk, R7 refers to the design risk,
R8 refers to the procurement risk, R9 refers to the 
technical risk, R10 refers to the credit risk, R11 refers to 
the subcontract management risk, R12 refers to the 
organizations and people risk, R13 refers to the 
insurance/guarantee/credit risk, R14 refers to the risk of 
complet ion and acceptance. According to the identified 
risk factors set R =(R1, R2, , Rn)to determine the 
relationship between the risk factors , where if there is a
direct binary  relation, the corresponding values for 1;
Otherwise, the corresponding values for 0. According to 
the results of actual investigation and study to determine 
the logical relationship between risk factors, adjacency 
matrix A is established.
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With the aid of MALTAB software, the reachable 
matrix M is obtained as follows:

According to the reachable matrix M, the fo llowing 
sets of Ri are obtained: P(Ri)={Rj| mij=1};Q(Ri) = {Rj|
mij=1}; P(Ri i)=T(Ri). In which, P(Ri) for reachable 
set, Q(Ri) fo r leading set, T(Ri) for common set. Through 
calculation, when P (Ri) and T (Ri) contain the equal 
number of factors at the same time, the most superior 
unit is obtained. Then, delete the rows and columns 
which contain the factors in T(Ri) set from the original 
reachable matrix M. By the same token, the second level 
unit is obtained. In turn, the factors can be divided for 
ladder structure.

According to the above process, the factor set in this 
system is described as a hierarchical model with 7 
ladders structure, Level 1: L1= {R14};  Level 2: L2= 
{ R10, R11, R13}; Level3 L3= { R7, R8, R9 };  Level4: 
L4= {R3, R5, R6, R12}; Level5: L5= {R4}; Level6: L6= 
{R1}; Level7: L7= {R2}.

According to the order R14, R10, R11, R13, R7, R8, R9,
R3, R5, R6, R12, R4, R1, R2 which obtained through the 
displacement subsystem of decomposition results, the 
adjacency matrix is rearranged and the structure matrix S 
is established.

After the division of the above, the hierarchical 
structure diagram of international engineering 
contracting EPC project risk system is obtained, as
shown in Fig.1.

Socio-cultural 
risk 2

 Political risk
1

Marketing risk
4

Natural risk
3 Capital risk 6

Legal  risk
5

Organizations and 
people risk 12

Procurement risk 8Design risk 7 Technical risk 9

Subcontract
management risk 11

Contract management 
risk 10

Insurance/guarantee/credit 
risk 13

Risk of completion and acceptance
14

 L7

 L6

L5

 L4

 L3

 L2

  L1

Fig.1. Schematic diagram of the recursive structure of risk factor for 
the international EPC project

As shown above, socio-cultural risk in systematic 
risk includes the phenomenon of social unrest and the 
differences between religious and cultural are both likely 
to lead to political risk. Moreover, the poor polit ical 
instability and geopolitical relations caused by political 
risk also makes the host country market environment 
changes, the exchange rate, interest rate wave, 
intensification of inflation, and caused the capital risk of 
project. The systemic risk represented by natural 
environment risk, legal environment risk, cap ital risk and 
organizations and people risk in fourth level risk factors 
directly influences the design management, procurement 
management and technology management of the project, 
which increase the probability of risk on the stage. In the 
meantime, the contract management risk and subcontract 
management risk b rought by the project design, 
procurement and construction error or unreasonable will 
lead to the final completion of settlement risk with the 
insurance/guarantee/credit risk together: delay period, 
increase the cost, reduce the income and even the 
handover difficu lties which is caused by the external 
environment changes referring insufficient demand and 
market  price fluctuations, and by the internal 
management problems referring the lack of experience 
and technical complex.
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V. CONCLUSION

Taking the great risk factors, complexity and many 
of the uncertainty of the international EPC pro ject into 
consideration, this article compares the merits and scope 
of the identification and analysis of risk factors 
according to the relevant research review, then 
determines the risk factor identificat ion and analysis 
methods used in this study combined with characteristics 
and the risk-share principle of international EPC pro jects. 
Through literature review, we divide risk factors of 
international EPC contracting engineering projects into 
project environmental risk, project part icipants risk, 
project management risk, preliminary figuring out 37 
risk factors. Further, we screen 20 risk factors out of the 
37 factors, and obtain these corresponding to the h igher 
probability of occurrence, higher degree of harm and 

questionnaire, so as to build a list of international EPC 
contracting engineering projects risk factors. Then this 
paper makes the method of ISM model, to  build  up the 
Adjacency Matrix and Reachability Matrix, which is on 
the basis of the correlation of risk factors, and to div ide 
levels of factors. In the last, this paper prepares a 
delivered structural diagram of risk factors in the 
international EPC pro ject for visual interpretation and 
analysis.
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Abstract - Top management team plays an important 
role in the survival and the development of the firms. The 
authors study the 249 China GEM Listing Corporation, 
analyze top management team's age, education, salary and 
other aspects by means of empirical test and investigate the 
effect to firm performance. The results show that the 
average age of top management team is significantly 
negative related to firm performance. There is significantly 
positive relationship between the profits of top management 
team and firm performance. In the corporate governance the 
authors select two important indexes to do T test, find that 
the independent directors proportion has significantly 
improving effect to firm performance, but the two power 
setting of the chairman and the general manager has not 
obvious influence. 

Keywords - Corporate governance, firm performance, 
top management team 

I. INTRODUCTION 

Decision and action of people play a key role in 
enterprise development. As a senior human capital top 
management team is the source of sustainable competitive 
advantage [1]. Through the strategic decision-making 
process they have a significant impact on the development 
of firm performance in a long term. Top management 
team is more important than the grass-roots management. 
According to the Resource-Based View (RBV,Barney, 
1991), the senior management with the characteristics of 
VRIO is the key to keep the core competitiveness of the 
firms. 

II. LITERATURE REVIEW AND HYPOTHESIS 

Top management team is a core group which decides 
development of the firms [2]. Generally top management 
team includes the members of the board of directors, the 
general manager, deputy general manager, president, vice 
president, chief financial officer, chief engineer, chief 
economist, the secretary of the board of directors [3].

The average age of top management team is one of 
the important human capital indexes. Young top 
management team is not only willing to take risks, but 
also willing to try to change [4]. GEM Listing Corporations 
are mostly high-tech and young enterprises, need to break 
through and innovate. Therefore put forward the 
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hypothesis 1: for GEM Listing Corporations, the average 
age of top management team has a negative impact on 
firm performance.  

The long term executive team can often exchange, 
members can share knowledge and information. It is good 
to enhance team cohesion and improve the profitability of 
enterprises [5]. So the long average tenure of top 
management team can reduce the internal conflicts and 
strengthen communication. Therefore put forward the 
hypothesis 2: the average tenure of top management team 
has a positive impact on firm performance. 

Higher education level means more effective 
information which top management team possesses, and it 
is good for the development of company. Chuntao Li, 
Xiaowei Kong deemed that there was a significant 
positive correlation between management degree and firm 
performance [6]. Hui Zhang, Tongliang An thought that the 
correlation was weakly positive between management 
educational background and firm performance [7].
Hypothesis 3: the average education level of top 
management team has a positive impact on firm 
performance. 

If top management team has abundant resources to 
solve problems, they are likely to make high quality 
decisions [8]. The large-scale top management team with a 
lot of information and resources are better than the 
small-scale top management team. Therefore put forward 
the hypothesis 4: the size of top management team has a 
positive effect on firm performance. 

The age heterogeneity of top management team can 
complement each other. It effectively enhances the firm 
performance [9]. But the education level heterogeneity 
office produces communication barriers and conflict each 
other. This is difficult to reach a consensus, eventually led 
to the decision to delay [10]. Therefore put forward the 
hypothesis 5: the heterogeneity of top management team 
has a significant effect on firm performance. 

If top management team process more stock, their 
personal interests will more closely contact with firm 
performance and they will more actively work hard [11].
Cong Wang found that top management team 
shareholding significantly influenced the performance of 
enterprises and the enterprise benefits mainly depended 
on the efforts of top management team [12]. Therefore put 
forward the hypothesis 6: the shareholding ratio is 
positively related to firm performance. 

Some American scholars analyzed hundreds of 
business companies in recent 15 years, researched that 
executive compensation and corporate performance had 
strong correlation [13]. Another scholar thought that ROE 

The Relationship between Top Management Team and Firm Performance - 
Data from China GEM Listing Corporation

Peng Yang1, 2, Su-ying Gao1, *, Long Xu1, Chun-ying Song1
1School of Economics Management, Hebei University of Technology, Tianjin, China  

2College of Mathematics and Information Technology, Xingtai University, Hebei, China 
(sue2007@hebut.edu.cn)

21st International Conference on Industrial Engineering and Engineering Management 2014 (IEEM 2014)

E. Qi et al. (eds.), Proceedings of the 21st International Conference on Industrial Engineering
and Engineering Management 2014, Proceedings of the International Conference on Industrial Engineering
and Engineering Management, DOI 10.2991/978-94-6239-102-4_ © Atlantis Press and the authors 201597,

483



and executive compensation has a significant linear 
relationship. Therefore put forward the hypothesis 7: the 
average salary of top management team has a positive 
effect on firm performance. 

The independent directors proportion represents the 
level of company governance, can bring equal benefits for 
all the shareholders [14]. To some extent the 
implementation of the independent director system affects 
firm performance. Tongying Liang selected the private 
listing corporations of Shanghai in 1998-2003, found that 
the independent directors proportion is positively 
correlated with private listing corporation performance. 
Therefore put forward the hypothesis 8: the proportion of 
independent directors has a significant impact on firm 
performance. 

Two rights separation of the chairman of the board 
and general manager is easy to form the democratic 
atmosphere. The two rights separation is effective to resist 
the management risk [15]. But there are also the different 
opinions of some scholars. Donaidosn considered two 
rights merging can improve the efficiency of 
decision-making. Based on the two aspects, we present 
the following hypothesis 9: the two rights separation of 
the chairman and the general manager has a significant 
impact on enterprise performance. 

III. METHODOLOGY 

A. Sample Selection
Study selects Chinese GEM Listing Corporation as 

the samples. Based on the CSMAR database, we collect 
the data and screen the original indexes in order to reduce 
error. We remove the samples in which Return On 
Equity(ROE) is negative, finally get the 249 samples of 
GEM Listing Corporation in 2012. In this paper, we do 
the descriptive statistics, correlation analysis, multiple 
regression analysis and T test by means of SPSS17.0. 

B. Variable Setting 
Return On Equity (ROE) is a chief indicator of firm 

performance. So we select Return On Equity as dependent 
variable with the symbol "Y".  

Independent variables about top management team 
include average age (X1), average tenure (X2), average 
level of education (X3), team size (X4), age heterogeneity 
(X5), education heterogeneity (X6), shareholding ratio (X7)
and average salary (X8).  

Control variables are scale of the firms (D1) and 
asset-liability ratio (D2). 

Corporate governance variables are the independent 
director proportion and the two power settings of the 
chairman and the general manager. 

C. Model Specification 
Based on the analysis of previous research, we 

propose a model 
210198877665544332211 DDXXXXXXXXY

Y is Return On Equity (ROE) of Chinese GEM Listing 

Corporation.  is the constant term, 101  is the 
regression coefficient,  is residual value. 

IV. RESULTS 

A. Descriptive Statistical Analysis
TABLE I 

DESCRIPTIVE STATISTICS
N Min Max mean Std.Deviation

return on equity 249 0.03 0.42 0.1738 0.07293 
average age 249 37.42 52.57 45.567 2.96377 

average tenure  249 2.18 7.09 3.0545 0.59307 
average level of education 249 2 4.38 3.2945 0.41236 

team size 249 2 13 6.18 1.865 
age heterogeneity 249 0.09 0.31 0.187 0.04647 

education heterogeneity 249 0.23 0.87 0.659 0.09859 
shareholding ratio 249 11.87 16.24 14.709 0.57127 

average salary 249 0.0 0.9 0.3967 0.22204 
scale of the firms 249 18.81 22.5 20.675 0.59878 

asset-liability ratio 249 0.02 0.75 0.1836 0.13486 

From Table I, the minimum rate of ROE is 3%, the 
maximum is 42%. The difference is very big. We can see 
that GEM enterprises are in the fierce market competition 
with income instability and large risk. We find that the 
average age is 45 years old, the standard deviation is 2.96 
and the discrete degree is very small. This shows that the 
most people of top management team in GEM Listing 
Corporation are middle-aged. The average tenure is 
3.0545 and this shows that top management team is 
instable. The average educational level of top 
management team is 3.2945, between undergraduate and 
master's degree, it shows that most members of top 
management team have received a good education. Age 
heterogeneity is 0.187, in the low level, indicating that top 
management team members' age difference is very small. 
Descriptive statistics shows that top management team 
has high education levels, young age structure. Top 
management team members are energetic and the firms 
have the potential. But the average tenure is not long, 
indicating that top management team members transform 
job frequently. This may be related to the company 
startup.

B. Correlation Analysis 
TABLE II 

CORRELATION ANALYSIS
Y X1 X2 X3 X4 X5 X6 X7 X8

Y 1
X1 -0.188** 1
X2 -0.100* 0.070 1
X3 -0.030 -0.154** 0.085 1
X4 -0.014 -0.005 -0.010 0.050 1
X5 0.047 -0.008 -0.054 -0.225** -0.056 1
X6 0.025 0.056 -0.219** -0.130* -0.096 0.032 1
X7 0.027 0.030 -0.012 0.260** 0.401** -0.069 -0.017 1
X8 0.190** -0.178** -0.003 -0.141* 0.044 0.023 -0.019 -0.165** 1

Note: ** means significant at 1% level,*means significant at 5% level.
From Table II, ROE has a certain correlation with 

each variable. The relation between ROE and average age 
is significant in 5% level, so is ROE and average salary. 
Furthermore, ROE is significantly related with the 
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average tenure in 1% level. In addition, ROE only has the 
weak correlation with other variables. 

At the same time, the variables also exists the 
significant relationship each other, such as the average 
age (X1) and the average level of education (X3). The 
average tenure (X2) and education heterogeneity (X6) is 
significantly negative correlation. The average level of 
education (X3) and shareholding ratio (X7) have 
significant positive correlation, indicating that education 
is better, the income of members is higher. 

C. Regression Analysis
TABLE III 

REGRESSION ANALYSIS
coefficient t Sig.

constant term 0.651 3.43 0.001

independent
variables 

average age -0.003 -1.868 0.05

average tenure  -0.011 -1.493 0.137

average level of education -0.005 -0.386 0.7
team size -0.001 -0.512 0.609

age heterogeneity 0.112 1.138 0.256
education heterogeneity 0.004 0.087 0.931

shareholding ratio 0.025 2.607 0.01
average salary 0.045 2.154 0.032

control variables scale of the firms 
asset-liability ratio 

-0.034 
0.032 

-3.948
0.94

0.00
0.348

From Table III, hypothesis 1 is supported. The 
average age of top management team is significant at the 
5% level. Its coefficient is -0.003, indicating that the 
average age of top management team has a negative 
impact on firm performance. Young members of top 
management team are willing to accept new challenges, 
new knowledge and new management concepts. This will 
promote the firm performance in Chinese GEM Listing 
Corporation. But hypothesis 2 and 3 is not supported. 

Hypothesis 4 is not supported. Results display team 
size is not the main factor affecting performance. The 
team quality and efficiency should be the key of firm 
performance improvement. 

Hypothesis 5 is not supported. The heterogeneity of 
top management team does not pass the test, indicating 
that its impact is limited. With the rapid development of 
economy, enterprises often organize top management 
team members to study technical, financial knowledge in 
order to cope with the market change from minute to 
minute. Thus it weakens the differences between them.  

Hypothesis 6 and 7 is supported. Shareholding ratio 
of top management team is significantly positive at 1% 
level. The average salary of top management team is 
significantly positive at the 5% level. Good salary and 
high proportion of shares will enhance working 
enthusiasm of senior managers. The result also shows that 
the incentive policy has a great impact on firm 
performance. 

D. Corporate Governance
(1) The important indicator of corporate governance 

is independent director proportion. We sort all cases 
according to the value of independent director proportion 
from big to small. We select the 30 enterprises in front as 
good governance enterprises, meantime choose the last 30 
enterprises as poor governance enterprises. We do T test 
of this 60 enterprises and compare whether there are the 
significant differences on the average variables. 

TABLE IV 
T TEST OF INDEPENDENT DIRECTOR PROPORTION RANKING 

TOP 30 FIRMS AND LAST 30 FIRMS 

  F Sig. t Sig. 

return on 
equity

equal variance  6.274 0.015 -1.998 0.050

unequal variance   -1.998 0.050

average age
equal variance 4.211 0.045 1.749 0.086

unequal variance   1.749 0.086

average
tenure 

equal variance  0.391 0.534 -0.521 0.604

unequal variance   -0.521 0.604

average level 
of education

equal variance  2.461 0.122 0.167 0.868

unequal variance   0.167 0.868

team size 
equal variance  4.593 0.036 -16.23 0.000

unequal variance   -16.23 0.000

age
heterogeneity

equal variance  0.380 0.540 0.967 0.338

unequal variance   0.967 0.338

education
heterogeneity

equal variance 0.174 0.678 1.478 0.145

unequal variance   1.478 0.145

shareholding 
ratio

equal variance 0.465 0.498 -3.526 0.001

unequal variance   -3.526 0.001

average
salary

equal variance  0.007 0.935 -2.072 0.043

unequal variance   -2.072 0.043

From Table IV, hypothesis 8 is supported. There is 
the significant difference of firm performance between 
good governance enterprises and poor governance 
enterprises, indicating that the independent director 
proportion significantly influences firm performance. At 
the same time, two kinds of enterprises also have the 
obvious difference in the team size, the shareholding ratio 
and the average salary of top management team.  

(2) We set the two power settings of the chairman 
and the general manager. Symbol "1" expresses that the 
chairman and general manager is one person, symbol "2" 
expresses that the chairman and general manager is not 
performed by the same individual. This is an important 
index to reflect the corporate governance. We do T test to 
compare the mean value of firm performance. 

TABLE V 
T TEST OF THE TWO POWER SETTINGS

  F Sig. t Sig. 

return on 
equity

equal variance  2.644 0.105 1.126 0.261

unequal variance 1.127 0.261

From the data in Table V we can see that Sig value is 
not significant at the 5% level. The two the right setting of 
the chairman and the general manager has not influence 
on firm performance. Hypothesis 9 is not supported. 
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V. CONCLUSION 

The authors examine the impact of top management 
team in China on firm performance with the empirical 
method, and get the following conclusions. First, the 
average age of top management team has significantly 
negative impact on firm performance. At present, GEM 
Listing Corporations are mainly high-tech enterprises and 
need innovation actively. The young members dare to 
take a risk and possess competitive advantage. Second, 
there is the significantly positive correlation between the 
benefit of top management team and firm performance. 
The benefit of top management team stimulates the 
enthusiasm and the initiative of the members. Third, we 
do not find that education has an obvious impact on firm 
performance. It not only because that the gap of samples 
is small, but also because the current education system 
has some deficiencies. It may also reflect some blindness 
at the time of introduction of a high degree of managers. 
Fourth, in terms of corporate governance, we find that the 
proportion of independent directors has a significant 
impact on firm performance, indicating that the 
independent director system plays a positive role on 
corporate governance. But the two rights setting about the 
chairman and the general manager has no significant 
effect, indicating that the restriction mechanism of GEM 
Listing Corporation is not good. This may have a certain 
impact on enterprise development.  
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Abstract - The development of urban cluster and cultural 
industry cluster complement each other. Exploring the inner 
correlation between the development of the urban cluster and 
cultural industry cluster from the quantitative perspective and 
disclosing their interior rules of development, may have great 
significance for the urban designing, urban orientation, urban 
developing direction, urban formats distribution and urban 
industrial structure adjustment. Firstly, in this paper, for the 
collaborative linkage between city agglomeration economy 
development and the development of cultural industry are 
analyzed theoretically. Then, in the empirical study, the study 
objects of this empirical research are the urban cluster of HBE 
(Hohhot, Baotou and Erdos). Through co-integration test and 
calculation of granger causality test, the research demonstrates 
the correlation between the development of urban cluster and 
cultural industry cluster. The results show that the 
development of cultural industries must be based on the cluster 
development as the focal point. Only through cultivating 
clusters and amplifying cluster effects, can speed up their 
development.

Keywords - Cultural industry cluster, comovement relation, 
urban cluster of HBE, urban cluster 

I. INTRODUCTION 

Currently, there are no specific policies on urban 
functional orientation, urban features designing and industry 
structure adjustment among urban clusters during the 
development and planning of urban clusters and culture 
industries [1]. Urban clusters lack of efficient coordination 
and interaction [2-3]. The linkage function between the 
development of the urban cluster and cultural industry cluster 
has not been well played. As a result, many isolated plans 
and strategies are formulated, which lead to the similarities 
of city orientation and the simple repetition or imitation of 
the culture industries’ projects. Many researchers discuss this  
phenomenon in different areas [4-6]. By taking the urban 
clusters of HBE (Hohhot, Baotou and Erdos) as examples, 
this paper focuses on the correlation between the 
development of the urban cluster and cultural industry cluster. 

II. THE ORETICAL RESEARCH ON THE 
RELATIONSHIP BETWEEN THE URBAN CLUSTER 
(UC) AND CULTURAL INDUSTRY CLUSTER (CLC) 

DEVELOPMENT 

A. The economic development of urban clusters is the base 
and carrier of cultural industry clusters development   

When modern industry develops to a certain stage, the 
mass development of the cultural industry will be an 
inevitable result of full development of market economy. 

From the initial production to the final consumption, the 
cultural product and service always need the support of a 
strong economic foundation, and the economic development 
of urban clusters is the base and carrier of cultural industry 
cluster development.  

(1) The economic development of urban clusters 
provides a strong support to the cultural industry cluster 
development. By surveying and analyzing the basic situation 
of urban residents in Inner Mongolia in 2012, it is shown 
that the per capita income in the region of HBE urban 
cluster reached 37,526 Yuan in 2012, and 34,984 of which 
was disposable income. Meanwhile, the Engel’s coefficient 
of resident families in HBE urban cluster region had 
decreased to about 30%, which shows that the proportion of 
resident consumption for the basic necessities of survival 
has decreased while the need for culture consumption in 
spiritual levels is rising, so the economic development of the 
urban cluster provides strong support for the cultural 
industry cluster development.  

(2) The economic development of the urban cluster 
promotes the infrastructure construction of the cultural 
industry. Investment in the cultural infrastructure 
construction of HBE urban cluster has been gradually 
increased. In the first Plenary Session of the 12th Inner 
Mongolia People’s Congress in 2013, the municipality 
government put forward that special financial support to 
cultural industry from the level of municipality government 
will be doubled. From the analyses, it is concluded that with 
the rapid development of economy, the infrastructure for 
cultural industry development of HBE urban cluster has 
been gradually improved.  

(3) Changes in the consumption level and structure of 
the urban cluster stimulate the increase in the demand of 
cultural consumption. The increase in residents’ 
consumption level will promote the increase in the demand 
for cultural products and services, and then push the 
development of cultural industry. As above mentioned, the 
residents’ consumption demands in HBE urban cluster has 
basically changed from survival requirements to spiritual 
requirements. The economic development of HBE urban 
cluster promotes the changes of residents’ consumption 
level and structure, which stimulates residents’ cultural 
demands and enhances the potential development of cultural 
industry on the one hand, and opens up more space for the 
development of cultural industry on the other hand.  
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B. The Cluster Development of the Cultural Industry Plays 
a Significant Role in Promoting the Economic Development 
of the Urban Cluster 

The economic development history in developed 
countries shows that at the initial period of urban cluster 
economy development, agricultural economy plays a 
leading a role, then the industrial economy, and then the 
knowledge-based economy, namely the cultural economy. 
The above empirical analysis in the above subsection has 
proven that the cultural industry development obviously 
promotes the HBE unban cluster. Detailed analysis is given 
as follows. 

(1) New economic growth points are formed with the 
rapid development of cultural industry. The GDP per capita 
of HBE city cluster is now more than 10,000 USD. With the 
promotion of economic development, from 2008 to 2012 
(see Table I in section III), the cultural industry output had 
reached an average growth rate has reached 17.5%, the 
cultural industry had contributed the economic development 
in the rate of 4%, and the cultural industry has become a 
new economic growth point. 

(2) It improves the proportion of tertiary industry, 
increases employment opportunities, and optimizes the 
economic structure. The aggregation and development of 
the cultural industry in HBE urban cluster has stimulated the 
rapid development of employment. The cultural industry of 
HBE urban cluster has many categories, of which culture 
and entertainment, cultural tourism, network services, radio 
and television, and animation industry have rapid 
employment growth. The rapid cluster development of the 
cultural industry increases the employment opportunities, 
enhances the tertiary industry proportion in the whole 
economy, and then optimizes the economic structure of 
urban cluster. 

(3) It expands domestic consumption and promotes the 
transformation of economic growth mode.The consumption 
of cultural products and services is higher level consumption 
to meet the spiritual needs of the consumers, and will greatly 
promote the transformation of economic growth mode. 
According to the development law of international cultural 
industries, when the GDP per capita reaches 5,000 USD, the 
consumption of cultural products and services will be 
continually doubled. The GDP per capita of HBE urban 
cluster is now more than 10,000 USD. Prosperity and 
development of the cultural industry is developing this part 
of the potential purchasing power; through the consumption 
of cultural products and services, the transformation of 
economic growth mode will be quickly realized.  

III. EMPIRICALANALYSIS ONTHECORRELATION
BETWEENTHEDEVELOPMENTOFTHEURBANCLUSTER

OFHBE(HOHHOT,BAOTOUANDERDOS)AND
CULTURALINDUSTRYCLUSTER 

In order to demonstrate the beneficial theory viewpoint 
further, we selected HBE as the center of the city group as 

the research object for empirical analysis. In March 2013, 
the government of Inner Mongolia Autonomous Region 
officially approved the execution of the Planning of Hohhot, 
Baotou and Erdos Urban Clusters (2010-2020) [7]. The HBE 
(Hohhot, Baotou and Erdos) urban cluster in this planning 
contains the major cities of Hohhot, Baotou, Erdos ,Ulanqab, 
Bayannur, Wuhai and the major league of Alashan, totally 
including 48 leagues, counties, cities and districts. The cities 
of HBE are the center and engine of the cluster, which drives 
the development of the other cities of Ulanqab, Bayannur, 
Wuhai and the league of Alashan. 

A. Indicators and Data Selection  
For exploring the correlation of urban cluster and cultural 

industry cluster of HBE, this paper chooses two indicators 
named by GDP of and CIV (cultural industry value). 
Considering the effectiveness and collect ability, the sample 
data for the economy development of HBEUC (Hohhot, 
Baotou and Erdos urban cluster) are chosen from GDP data 
of the relevant cities. The sample interval of the econometric 
analysis is from 1992-2012, totally 21 sample values. In 
order to testify the co-integration relationship between the 
two variables, this paper employs the logarithmic linear 
model to obtain the natural logarithm of the HBEUC GDP 
and HBEUC CIV, the data is given in Table I as follows. 

TABLE I 
HBEUC GDP AND CIV (UNIT:ONEHUNDREDMILLIONYUAN) 
Year HBEUC GDPa HBEUC CIVa

2012  11118.292  195.905 
2011  9985.861  176.748 
2010  8116.709  145.477 
2009  6773.370  122.566 
2008  5908.257  108.167 
2007  4466.679  81.506 
2006  3438.231  63.208 
2005  2715.558  49.336 
2004  2114.760  39.642 
2003  1660.879  31.563 
2002  1349.730  25.025 
2001  1191.783  24.213 
2000  1070.304  21.051 
1999  959.172  20.073 
1998  877.970  15.627 
1997  802.151  17.278 
1996  711.457  15.663 
1995  596.000  12.608 
1994  483.345  9.603 
1993  373.993  7.657 
1992  293.236  6.719 

a. The original data of the research is from Inner Mongolia Statistics 
Yearbook (2002-2013, China Statistics Publication), Inner Mongolia 
Economics and Social Investigation Yearbook (2002-2013, China Statistics 
Publication) and 2013 China Culture Industry Annual Development Report. 

B. Empirical Analysis 
Firstly, we give the unit root test by use ADF method [8] 

for the time series of the GDP and CIV, the results are 
showed in Table II and III. 

Table II shows GDP has unit root when the 
significance level is below 5%, which is non-stationary 
series [9]. The first order difference sequence of GDP (1) 
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series has no root unit when the significance level is below 
5%, which implies the series is stationary. Table III shows 
CIV has unit root when the significance level is below 5%, 
which is the nonstationary series. But its first order 
difference sequence of CIV (1) series has no root unit when 
the significant level is below 5%, which is the stationary 
series. So, we can use the GDP (1) and CIV (1) to explore 
the correlation of urban cluster and cultural industry cluster 
of HBE. 

TABLE II 
UNIT ROOT TEST RESULTS OF GDP 

Time series 
types 

ADF 
test value 

Significan
ce level Critical value Test results 

GDP 1.420998 

1% -3.920350 Not 
stationary 

5% -3.065585 Not 
stationary  

10% -2.673459 Not 
stationary  

GDP(1) 
( first order 
difference) 

-3.509601 

1% -3.959148 Not 
stationary  

5% -3.081002 stationary 

10% -2.681330 stationary 

TABLE III 
UNIT ROOT TEST RESULTS OF CIV 

Time series 
types 

ADF test  
value 

Significance 
level Critical value Test results 

CIV  0.329412 

1% -3.808546 Not 
stationary 

5% -3.020686 Not 
stationary  

10% -2.650413 Not 
stationary  

CIV (1) 
(first order 
difference)  -3.824648 

1% -3.831511 Not 
stationary  

5% -3.029970 stationary 

10% -2.655194 stationary 

Taking GDP (1) as explanatory variable, and CIV (1) 
as explained variable, we derive the model 
heteroscedasticity and correlation by OLS method as 
follows [10-13]:

GDP(1) =3.73367905117+1.06008924721*CIV(1)   (1) 
Now we will consider the causal relationship among 

economic variables by GDP Granger causality test [14-15],
GDP and CIV. Using software Eviews6.0, we derive the 
followings results: 

TABLE IV 
GRANGER CAUSALITY TESTS OF AND CIV 

Null Hypothesis F-Statistic Prob. 
GDP does not Granger 
Cause CIV 5.03541 0.0384 

CIV does not Granger Cause 
GDP 0.16925 0.6859 

Table IV shows that when the lag is 1, GDP Granger 
causes CIV, which means the economic development of 
HBE cities Granger causes the CIV development of HBE; 
when lag is 1, CIV does not causes GDP, which means the 
CIV development of HBE does not causes the economic 
development of HBE cities (GDP).  

The above analyses of co-integration and Granger test 
proves that the economic development of urban clusters 
promotes the cultural industry clusters development. There 
is no doubt that the economic development of HBE cities 
Ganger causes the cultural industry cluster development of 
HBE. The result of the Granger causality test shows that the 
cultural industry cluster development is not Granger causes 
of the economic development of urban clusters, but it 
doesn’t mean that the cultural industry cluster development 
has no effect on the economic development of HBE cities. 
This paper needs to give some special explanation that the 
economic development of HBE cities depends on the rise 
and development of the region's pillar industries, so the 
development of HBE urban cluster fundamentally relies on 
the energy and chemistry industries, and the cultural 
industry is not the pillar industry of the HBE urban cluster. 
Therefore, it cannot be concluded that the CIV development 
causes the HBE cities development. From this perspective, 
the reliability and validity of this empirical test is quite 
satisfactory. We cannot say that the CIV development 
causes the economic development of HBE cities, but it is 
undeniable that the cultural industry cluster development 
promotes or stimulates the economic development of HBE 
cities. Based on the above co-integration test model, it can 
be seen that the cultural industry cluster development plays 
a positive role in promoting the economic development. So, 
the economic development of HBE cities has a joint 
relationship with the cultural industry cluster development. 
In this paper, the relationship is more formally defined: as a 
basic motive force for cultural industry development, the 
economic development of the HBE cities promotes the 
cultural industry cluster development, while the cultural 
industry cluster development plays a good role in 
stimulating the economic development of HBE cities, so 
they have cooperative and joint relation. 

From the above theoretical and empirical analysis, the 
aggregation and development of the cultural industry 
effectively promotes the economic development of the 
urban cluster, while the latter further enhances the quality of 
the cultural industry cluster and also makes the cultural 
industry cluster development more solid and effective. 
However, there appear many problems in the process of 
rapid development; for instance, the development model of 
cultural industry cluster region still remains and follows the 
mode of the traditional industrial parks or technology parks, 
and the cultural industry cluster region is real estate oriented 
and operated with simple mode, lacking development of 
clustering effects, so there needs further research.  

IV. CONCLUSION 

The paper considers the inner correlation between the 
development of the urban cluster and cultural industry 
cluster from the quantitative perspective, and finds their 
interior rules of development for the urban designing, urban 
orientation, urban developing direction, urban formats 
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distribution and urban industrial structure adjustment. We 
first analyze the collaborative linkage between city agglomeration 
economy development and the development of cultural 
industry, and then, we give the empirical analysis on the 
urban cluster of HBE (Hohhot, Baotou and Erdos). The 
research derives the conclusions that the development of 
cultural industries must be based on the cluster development.
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Abstract- A new CEO has very different motivations 
and faces more strict monitoring strength compared to a 
senior CEO. Therefore, logically new CEOs should have 
different manipulation choices in managerial compensation 
setting process. Therefore, a conceptual model focusing on 
manipulation effects of new 
compensation gap (MCG) is proposed and analyzed by 
adopting both inductive and deductive Methods. The results 
show that under each specified condition of the four kinds of 
power structures for a new CEO, there are actually different 
manipulation effects of CEO power on MCG. The 
conclusions are of great meanings in understanding the 
differences between the power application patterns of new 
CEO and senior CEO. However, the further empirical study 
needs to be accomplished in the future. 

Keywords - CEO power, conceptual model, 
manipulation compensation gap, new CEO*

I. INTRODUCTION 

CEO change has always been a hot topic both in 
practice and theory. In facts, since the year of 2000, CEO 
change has been getting more and more popular. In  2012, 
there are more than 10% firms which  changed their CEOs. 
Such facts show that CEO change has been a common 
corporate governance issue that cannot be ignored just as 
before. With the proposal and execution of a series 
government policies emphasizing and enhancing the free 
competition among d ifferent firms, no matter state-owned 
or privately-owned, bigger or smaller, labor-intensive or 
technology-intensive, it is can be concluded that the 
market competition will be necessarily getting more 
heavier and new knowledge innovation will be more 
frequent. Faced with such a dynamic and complex 
business environment, top management teams (TMT) 
members are needed to make more effort to run 
professional business knowledge. That means knowledge 
coordination needs (KCN) within  TMT gets higher and 
higher with time goes by, and consequently firms expect 
more capability and competence from their CEO. Since 

economic success and strategic change, have not reached 
the expectation, in the near future, many of the firms will 
pay more attention to changing a new CEO hoping to 

 improving the 
knowledge coordination (KC) quality. 

At the beginning of CEO change, the balance of 
responsibility, power and benefits during the governance 
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practice within firms is up to be redefined. However, due 
to the relative absence of good theoretical research, 
among the new CEO, the boards, the shareholders, the 
debtors, or the public, each group cannot confirm how to 
reallocate the CEO power and complete good 
decision-making behavior on the issue of executive 
compensation. Consequently, the change of CEO rarely 
reaches the expected purpose of value-creat ing. Therefore, 
the study on the manipulat ion effect of CEO power on 
managerial compensation gap (MCG), a critical 
dimension of managerial compensation that has not been 
explained enough as far [1], is of good help to deal with 
such a practical issue. 

II. LITERATURE REVIEW 

Study on the relationship between CEO tenure and 
firm performance and research on the effect of CEO 
power on MCG may be the two  groups of literature that 
are most related to this topic.  

A. Relationship between CEO tenure and firm 
performance 

Talking of the relationship between CEO tenure and 
firm performance, there are two schools  of views, 
respectively direct relationship and indirect relationship. 

The former group regards that there exists a direct 
relationship between CEO tenure and firm performance, 
linear or nonlinear. The linear relationship between the 
two variab les may  show as a negative one [2], or a positive 
one [3]. The nonlinear relationship can be viewed as 
inversed-U-shaped curve model which has been accepted 
by many of the scholars as the foundation of further 
exploration [4]. 

According to Hambrick et al, CEO
on CEO behavior mode and eventually firm performance 
which will represent different features with the tenure 
goes on. They propose that CEO tenure can be divided 
into five phases, respectively nomination period, 
exploration period, mode-choosing period, mode-focusing 
period and non-functional period. In their opin ions, each 
phase has different effect on the relationship between 
CEO tenure and firm performance. Specifically speaking, 
a CEO who can experience all the five periods will reach 
the highest performance during the mode-focusing period, 
while get relat ively lower performance both during the 
nomination period and non-functional period. That is to 
say, a new CEO will do worse than an older CEO. The 
reason may be that on their early age of CEO position, 
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they have to learn and accumulate knowledge about CEO 
tasks [5]. In addition, CEO has not enough information on 
the running of firm business and the ability of the 
executives. That is to say, a new CEO has poor capability 
on improving firm performance. On the contrary, in their 
late period during the tenure, CEOs always insist too 
much in using the out-of-date management mode 
depending on the narrow and unsmooth information 
channels, and simultaneously the interest on job tasks 
begins to decrease heavily. As a result, firm performance 
will get poorer with the tenure goes too much. The second 
group holds that there exists a deeper relationship
between CEO tenure and firm performance. Under this 
opinion, the mediating ro le of CEO attitude on change 
and the risk preference of TMT between CEO tenure and 
firm performance has been discussed empirically. 

According the related research, the role of CEO 
attitude on change has been discussed. For example, 
Meyer concludes that with the tenure gets longer, the 
influence of CEO on firm running will get heavier, and 
the CEO will intend to follow the beaten track which  will 
depress organizational change and lead to  the depravation 
of the match between firm and environment [6]. In the 
whole, during the former period of CEO tenure, new CEO 
can change the organization in each  field  according to the 
demands of external environment. W ith the tenure 
growing, CEO always tends to be passive and wants to 
keep the status quo no matter how the environment  
changes. The exp lanation of the scholars is that, the long 
tenure provides CEO more power and opportunity to 
promote, nominate and select the executives who have the 
similar mental modes with h im or her, and exclude the 
ones who hold d ifferent opinions, and eventually the 
homogeneity of TMT gets higher and higher [7]. In the 
same time, in longer tenure of CEO, the information 
selecting mechanis m obeying the favor of CEO will be 
established and enhanced which will provide CEO with 
much information far away from the actual environment 
change. Such information increases the power of CEO in 
controlling firms and maintain ing the status quo, and 
simultaneously lowers the adaptability of changing with 
the environment with the tenure goes too far. 
Consequently, the relationship between CEO tenure and 
firm performance appears as a non-linear relationship.  

Just shown as above, with the longer tenure of CEO, 
the attitude on change will direct the adjustment of firm 
strategy and the relevant organizational change which  has 
obvious relationship with firm performance. Actually the 
direct study on the attitude on change of CEO will benefit 
to the understanding of the effect mechanis m of CEO 
tenure on firm performance. For example,  Miller takes the 
Hollywood film firms as the examples and proves such a 
relationship among CEO tenure, CEO attitude on change 
and firm performance [8]. In  the relationship, CEO attitude 
on change is actually the mediating variable.  

Drawing on the views of upper echelons theory, the 
characteristics of TMT can explain the change of firm 
performance to a better degree [9]. TMT risk propensity 
can directly influence the strategic decision-making and 

firm performance. Simsek provides an empirical model 
which actually exp lains the non-linear relationship 
between CEO tenure and firm performance more exactly  
[10]. In the model, TMT risk propensity and internal 
entrepreneurship behavior are introduced as the mediating 
variables. The empirical data analysis shows that CEO 
tenure has negative effect on TMT risk propensity, and 
TMT risk propensity has positive effect on internal 
entrepreneurship behavior, while the later has non-linear 
effect on firm performance. Most of the all, all the above 
relations are significant statistically. Therefore, the 
indirect relationship between CEO tenure and firm 
performance has been explained in detail. 

B. Effect of CEO power on MCG 
CEO power, which can be named as managerial 

discretion according to many other scholars, mainly refers 
to the influence ability o f CEO on corporate governance 
system, governance process  and governance performance 
representing as the actual influencing degree of CEO on 
each strategic decision-making items [11]. The study on 
managerial compensation from the perspective CEO 
power theory begins at 1980s, develops at 2000s, and gets 
mature in recent three years. At present, CEO power 
theory has been one of the main-stream research views on 
managerial compensation field, which nearly exceeds the 
value of the trad itional optimal contract theory in this 
field. Specifically  speaking, the literature on the 
relationship between CEO power and MCG mainly 
comes to three competitive conclusions.  

Firstly, the positive view of CEO power on MCG 
regards that to enhance MCG is  helpful to emphasize the 
authority and status of CEO within TMT, and what is 
more, it is good to lower monitoring cost; The last but not 

expected benefits when they outperform in the 
competition, which actually can increase good 
competition among d ifferent executives. Therefore, CEO 
with higher power always likes to improve MCG [12]. 
Secondly, the inversed U-shaped effect of CEO power on 
MCG demonstrates that excessive MCG may affect the 
relation quality among executives and morale, further 
affect good competit ion, though appropriate improvement 
of MCG can enhance internal competit ion among 
executives
constrain the enlargement of MCG. Therefore, there is an 
inversed U-shaped relationship between CEO power and 
MCG [13]. Third, there is no clear effect of CEO power on 
MCG. Since the theory circles have not reached a 
consensus on this issue, many CEOs have no clear 
guidance when they try to manipulate MGC, so 
practically they probably give up such manipulation 
behavior. Especially  under the condition of financial 
distress, CEOs will not try to take high risks of adjusting 
MCG too much [14].  

The existing literature makes great contributions on 
the issue of MCG. However, there is still a  great shortage 
on the understanding of the relationship between CEO 
power and MCG. In the literature at present, the 
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difference in features and motives of CEO power between 
new CEO and old CEO has not been reached, and the 
effect of new CEO power on  MCG has not been exp lored 
in detail. The existing studies on CEO power main ly take 

 assumption, which 
may be appropriate for senior CEOs but not good enough 
for new CEOs. Specifically, from two perspectives, the 

CEO. Firstly, from the subjective environment, new 
CEOs will be monitored more strictly and they will have 
relatively narrower action room than senior CEOs; 
Secondly, from the objective will of new CEOs, they 
have higher competence as a CEO and care more about 
their long-termed career benefits than the short-termed 
material interests than the senior CEOs [15], and 
consequently they have stronger will of making the firms 
better. Therefore, the motive of new CEO power running 

will do things according to the maximizat ion of firms 
value. The conceptual model will be constructed under 
such a radically new assumption. 

III. CONCEPTUAL MODEL ON THE RELATIONSHIP 
BETWEEN NEW CEO POWER AND MCG

New CEOs will have different capability and 
motives of utilizing their power relative to the senior 
CEOs. Based on the new radical assumption on the 
manipulation activit ies of new CEO power on MCG, i.e., 
new CEOs have motives of improving firm performance 
rather than merely caring about their own benefits, the 
conceptual model on the relationship between new CEO 
power and MCG is constructed as  Fig.1.

Fig.1. Conceptual model on relationship between new CEO power and 
MCG: FPSC and DFNS as the moderating variables 

According to Fig.1, d ifferent new CEO power 
allocation will lead to different strategic changes, so that 
the strategic change of the whole firm will lead to the 
change of MCG arrangement. New CEO power is the 
independent variable, strategic change is the mediating 
variable, and MCG change is the dependent variable. 

What is more, the d ifferent features between new CEO 
power and senior CEO power (DFNS) and firm 
performance of the senior CEO (FPSC) are the two 
moderating variables. New CEO power can be d iscussed 
separately in two relatively independent sub-variables, 
respectively, structural and positional power (SPP) and 
expert and prestige power (EPP). A new CEO will has 
four kinds of power allocation, respectively new CEO 
with higher SPP and higher EPP, new CEO with higher 
SPP and lower EPP, new CEO with lower SPP and higher 
EPP, and new CEO with lower SPP and lower EPP. 

A. Condition 1: new CEO with higher SPP and higher 
EPP

Under this condition, new CEO not only has enough 
expert capability to init iate a strategic change, but also 
has absolute admin istrative power to hold  a strategic 
change with clear confidence in pursuing excellent 
performance. Consequently, the probability of in itiating a 
radical 
personal values and opinions is nearly to 1. According to 
the fundamental rule of HRM practices, to carry out a 
strategic change, the managerial compensation strategy 
has to be modified in order to answer the demands of 
strategic change. That is to say, MCG, as one critical 
dimension of managerial compensation strategy, has to be 
changed due to the strategic change. Specifically speaking, 
there are two main changes in MCG:  

One is that the original order o f the compensation 
level within TMT will be destroyed and re-ranked. Since 

competence and performance, he ore she will pay more 
attention to the actual behavior and attitudes of the 
executives and try to give fair evaluation. According to 
the evaluation results, each executive will get the right 
rewards. The d ispersion of executive compensation will 
naturally change a lot compared with the MCG in former 
CEO tenure. Higher EPP provides new CEO with such 
capability and confidence in ranking the contribution of 
each executive. Therefore, the rank of the compensation 
level within TMT is not regular but may be random, since 
it is up to the performance of each executive.  

The other change is that the highest compensation 
level of the executives (other than CEO) is  very near to 
the CEO compensation level, while is much higher than 
the second highest compensation level of the other 
executives. Two reasons lead to such fact, respectively, (1) 
New CEO wants to execute his or her new strategy, and 
such execution needs the complete support from 
executives who are in  charge of the functional 
departments mostly confirming to the strategic change or 
being important for the success of the strategic change. 
Consequently, new CEO has to provide enough incentive 

setting up both obviously higher absolute compensation 
level and clearly larger relat ive compensation gap 
between the other executives; (2) New CEO has to release 
some signals that the executives who are not like the new 
strategy or nor willing to accept the lead of new CEO will 

MCG

Great change in MCG
Little Change in MCG

FPSC

New CEO power

EPP
SPP

Strategic Change

Radical change
Incremental Change

DFNS
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be punished. Hence any executives who are viewed as 
target will be firstly punished by an obviously lower 
compen
are not welcomed: leave or change, it is up 

B. Condition 2: new CEO with higher SPP and lower 
EPP

Under this condition, new CEO objectively can 
manipulate enough resources to carry out a strategic 
change, but subjectively he or she has no enough 
confidence and capability in init iating strategic change. In 
our opinions, whether or not to initiate a strategic change 
when a new CEO with h igher SPP and lower EPP comes, 
it is up to the status of FPSC. When FPSC is good, new 
CEO will not change the existing strategy. In fact, the 
purpose of the board in selecting such a new CEO with 
relatively lower EPP mostly may be maintaining the 
extant strategy and performance steadily. In other words, 
the board does not expect the new CEO to change too 
much. In confirming to such a choice, MCG will not be 
changed significantly. When FPSC is poor, new CEO has 
to change the existing strategy in order to show h is or her 
value to firm performance improvement, otherwise, new 
CEO will be changed again. In executing such strategic 
change, since new CEO has no enough capability and 
confidence, he or she has to mot ivate the executives to 
provide new d irections and good wisdoms. Hence, new 
CEO will t ry to identify two groups of executive within 
the TMT, respectively good executives and bad 
executives. For good executives, new CEO wants to 

use of the group wisdoms in order to offset his or her own 
capability shortage. Therefore, new CEO will provide the 

than before and the gap among them is very small; For 
bad executives, new CEO with lower EPP will give them 
relatively lower compensation than before, and the gap 
between the two groups will be  rather b ig. If the bad ones 
do bad things to the new strategy implementation, new 
CEO with higher SPP can d ismiss them; instead, if the 
bad ones do good things or make good contributions to 
new strategy, new CEO with higher SPP can reevaluate 
them and then improve the compensation level. 

C. Condition 3: new CEO with lower SPP and higher 
EPP

Under this condition, new CEO will be very 
unsatisfied with his arrangement, since the match between 
his ore her capability (& prestige) and the delegated 
power is unbalanced. For new CEO, whether or not to 
initiate a strategic change, it is up to the status of DFNS. 
When DFNS is insignificant, that is to say, the former 
CEO with higher EPP is allocated with lower SPP too, 
new CEO will intend to accept this status with lower 
dissatisfaction since the former CEO similar with h im or 
her has been treated just like this. Hence, new CEO will 
try to make strategic changes in order to prove his or her 
higher capability. Since new CEO has no enough formal 
and positional power in carrying out strategic changes, for 

example, d ismissing executives, or allocating resources, 
new CEO will have to mostly depend on informal 
influences derived from CEO characteristics and prestige 
by adopting good communication and other excellent 
management methods. Consequently, new CEO with 
lower SPP and h igher EPP will keep  a relat ively  similar 
compensation package among executives in order to seek 
for harmonious atmosphere, and simultaneously adopt the 
other leadership methods which need higher capability 
and techniques of new CEO, something like effective 
monitoring, recognizing and rewarding other than merely 
relying on monetary countermeasures, trying to execute 
the strategic effectively. When DFNS is significant, i.e., 
the former CEO is of lower EPP, new CEO will feel very 
sad and angry. At this time, new CEO will not pay 
attention to firm running or strategic change, but focus on 
the self-interest satisfying in order to offset the 
dissatisfaction. Since new CEO has  specialized expert and 
skill, i.e ., tacit knowledge, in firm running, new CEO has 
some methods of improving his or her own compensation 
level without receiv ing any punishment or blame. Under 
such self-interest motivation, the final result is that new 
CEO with lower SPP and higher EPP will improve the 
whole compensation level of TMT, and enlarge 
compensation gap between CEO and other executives. 

D. Condition 4: new CEO with lower SPP and lower EPP 

Under this condition, new CEO has received the 
balanced treatment from the board. In general, new CEO 
with lower EPP and lower SPP not only has no 
confidence and motivation to initiate a strategic change, 
but has no positional and operational power to implement 
a strategic change. However, whether such new CEO 
chooses to make  a strategic change or not is up to the 
status of FPSC. When FPSC is relat ively lower, new CEO 
has to initiate a strategic change just because the board 
wants him or her to do that. Each group of a firm wants to 
get a good performance, especially the board, since the 
shareholders will give the board heavy pressure about the 
performance. When a firm faces poor performance and 
then chooses to change a new CEO, the purpose is 
actually very clear that such change of CEO should lead 
to a big improvement of firm performance. If a new CEO 
can not make strategic change, the board will naturally 
regard the new CEO as incompetent to the CEO position. 
Therefore, no matter new CEO has the capability o f 
holding a strategic change or not, he or she must initiate a 
change in strategy. Since new CEO has  relatively lower 
EPP, he or she does not know how to implement the 
strategic change, instead, the executives must be 
considered to function well in help ing new CEO carry  out 
strategic change. Consequently the MCG will be changed, 
and such a change always shows as a general reduction in 
the whole compensation package of the TMT, while the 
compensation of some core executives  will maintain the 
original level, and some other executives will lower their 
compensation to a degree. In the whole, MCG is 
weakened, especially the compensation gap between CEO 
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and the core executives. When FPSC is relatively h igher, 
new CEO has no any motivation to change the existing 
strategy. The optimal choice is to maintain the status quo. 
Therefore, MCG will not change too much. However, 
new CEO must do something new in executive 
compensation policy, otherwise the board or the 
executives will think that new CEO has no contribution to 
the new performance. The reasonable choice for a new 
CEO with lower EPP and lower SPP is to init iate spiritual 
motivation programs, such as EAP, Recognition &
Rewards Programs, etc., or to turn to the so-called total 
compensation package (TCP) in order to motivate the 
executives and show his or her leadership competence. 

IV. CONCLUSIONS

New CEOs have different motivations and favors 
compared to senior CEOs. A new CEO faces  deeper 
pressure from stakeholders, and each group will expect 
certain behavior mode for new CEO, therefore, new CEO 
has different manipulation choices when he or she make 
use of the managerial power delegated from the board. 
The paper proposes a conceptual model which focusing 

 power on MCG. 
The result shows that under different conditions, there are 
different manipulation effects. Specifically speaking, (1) 
Under the condition of CEO with higher EPP and higher 
SPP, One change in MCG is that the original order of the 
compensation level within TMT will be destroyed and 
re-ranked, and the other change is the highest 
compensation level of the executives  (other than CEO) is 
very near to the CEO compensation level, while is much 
higher than the second highest compensation level of the 
other executives; (2) Under the condition of CEO with  
higher SPP and lower EPP, when FPSC is good, MCG 
will not be changed significantly; When FPSC is poor, 

will be enlarged than before; (3) Under the condition of 
CEO with lower SPP and higher EPP, when DFNS is 
insignificant, new CEO with lower SPP and higher EPP 
will keep a relat ively similar compensation package 
among executives in order to seek for harmonious 
atmosphere, when DFNS is significant, new CEO will be 
more apt to enlarge the compensation gap between CEO 
and the other executives; (4) Under the condition of CEO 
with lower SPP and lower EPP, when FPSC is relat ively 
lower, the MCG will be changed, and such a change 
always shows as a general reduction in the whole 
compensation package of the TMT, and MCG is 
weakened, especially the compensation gap between CEO 
and the core executives; when FPSC is relat ively h igher, 
MCG will not change too much. However, new CEO will 
do something new in executive compensation policy, such 
as to emphasize spiritual mot ivation than former CEO. 
The paper only provides the logic reference based on 
conceptual model, while further empirical study needs to 
be accomplished in the near future. 
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Abstract This article aims to discuss the operational 
logic of the merging class of private businessman, with an 
emphasis on the important role of social capital. It begins 
with a review of the development of social capital and of 
the previous research on social capital of private 
businessman in China. Based on this, the concept of social 
capital is clearly defined, which lays a foundation for the 
following analysis. In order to analyze the emergence of 
private businessm
argumentation method is adopted. Three theoretical 
hypotheses and nine inferences are put forward to 
demonstrate the inner logic of social capital of private 
businessman in China.  

Keywords Private businessman class, social capital, 
social network 

I. INTRODUCTION 

How can private businessmen become a new class? 
We need to exp lore theoretical sources from the origin  
to seek its legality. The concept of legality is firstly 
proposed by Max Weber [1]. He points out that there 
must be an authority in an organization, community, 
association or tribe. He contends that authority gains its 
legality and acceptability by three ways: 1. personal 
charisma attracting people to follow;  2. trad ition, such 
as power succession; 3. law and  reason, such as 
election.  

The emergence of a new social stratum should be 
attributed to specific historical conditions. Many 
economic, social and cultural factors may influence its 
formation [2]. In different disciplines, there are 
corresponding theories to exp lain its emergence logic. 
With limited ability, the author only focuses on the role 
and operational logic of social capital in the emergence 
of private businessman class.  

II. METHODOLOGY AND DISCUSSION 

Chinese society is a society of relation and 
network. Operating in the network, private 
businessman class is also endowed with its features. 
They establish a network of re lations with a focus on 
themselves according to different pattern. In a society 
influenced by Confucius ethics, they explo it necessary 
social capital to strengthen the core competitiveness of 
the company and to acquire more resources. In order to  
solve these problems, the operational logic of social 
capital of the class should be closely tested. Here we 
adopt the reasoning inference used by Robert Alan 
Dahl in his book, Introduction to Democratic Theory.

A. The emergence of private businessman class is 
under the dual influence of institutional and technology 
environment  

The theory of technology and institutional 
environment is put forward by John Meyer [3], a  
Neo-institutionalis m scholar. He made a research about 
the educational system in the states in America. The 
result unveiled that the educational system in America  
was featured by the separation of power. However, the 
educational systems in d ifferent states were very  
similar, with a tendency of institutional isomorphism. 
He put forward a question that why different 
organizations had similar inner system and institution. 
He tried to solve the problem by the relationship 
between organization and environment. He contended 
that environments facing organization can  be div ided 
into technology environment and institutional 
environment. Organization is a product of both 
technology requirement and institutional environment.  

1) Institutional environment has an embedded 
relationship with the emergence of private 
businessman class 

Institutional Environment refers to the 
taken-for-granted social facts, such as legal system, 
cultural expectation, social constitutions and mind  
surrounding an organizat ion. Institutional environment 

mechanis m and to adopt the widely-accepted
organization form and measures, regardless of its 
efficiency. For example, a company takes part in public 
welfare activit ies to improve its social status and 
recognition.  

Institutional environment is embedded in all the 
processes of private businessman class and is 
exogenous. It is not only the driving force for the 
emergence of the class, but also the limiting factor 
impeding its development. As a result, how to accept 
and to deal with external environment is essential to the 
development of the class.  

2) Technology environment is endogenous with the 
emergence of private businessman class 

The technology environment of a company entails 
efficient organizat ion. That is to organize production 
according to the principle of maximization. If a bank 
(environment) gives loans to a company, it  entails the 
company to have the ability of highly efficient 
production and operation and of repayment. Customers 
(environment) want to buy cheap products of high 
quality, which also entails efficient production.  
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For a private company to develop, the production 
mode should be changed to establish a modern  
enterprise system, de-familization and improvement of 
technological ration. Since the industrial revolution, the 
dramat ic growth of production efficiency has perfectly 
embodied the production rationalizat ion. Production 
rationalizat ion is reflected not only by the invention 
and application of machines, but also by the scientific 
and rational production process. The rationality of 
human beings is reflected not only in production, but 
also in organization to manage production, namely  the 
bureaucracy of modern society. By analyzing the 
common features of modern large-scale admin istrative 
management system, Marx Weber exp lored the origin  

organization from: power hierarchy, regulations, 
impersonalization and professionalizat ion. As a result, 
technology environment is endogenous with  the 
emergence of private businessman class.  

B. Social capital of private businessman class is the 
bridge coordinating institutional environment and 
technology environment  

As has been mentioned, social capital is a 
productive resource to promote the cooperation 
between social actors. It helps individual to make 
profits from social network or other connections in 
social structure. Network, trust and regulation is the 
key elements of social cap ital. According to system 
theory, here comes the second hypothesis.  

1) Company is a stable connection between social 
groups and organizations and their members. 
Individuals can get scarce resources from social 
groups and organizations by this stable connection.  

Political scientists pay special attention to the 

leading figure is Robert Putnam from Harvard  
University. His study on the America after WWII 
unveiled that as the number of members of voluntary 
group and organization decreased over the years, social 
capital in the country also declined. (Putnam, 1995)[4]. 
The research on non-government organization by  Chen 
Jianmin and Qiu  Haixiong revealed that group 
members can acquire more social cap ital because of 
membership and so get more resources. (Chen Jiamin  
and Qiu Haixiong, 1999) [5]. 

2) The interpersonal social network of private 
businessman class is developed from the interaction, 
communication, contact and exchange between people.  

In two  important articles, Mark Granovetter 
discussed how the informat ion in  labor market  
disseminate through social network and how 
interpersonal trust is established, strengthened and 
developed by social network (Granovetter 1973 [6], 
1985 [7]).

Lin Nan emphasized that social resources, such as 
power, wealth and reputation are embedded in  social 
network. People in lack of these resources can acquire 
(borrow) them from the social network. The usage of 
social resources is an effective way of achieving 
instrumental target. (Lin 1982 [8], 1990 [9]).

3) Social capital of private businessman is connected 
with institutional and technology environment by 
vertical, horizontal and social linkage. 

Vertical linkage of a company refers to its 
connection with higher authority, local government 
departments and subordinate companies and 
departments. This vertical linkage tends to be upward, 
which aims to acquire scarce resources from the 

. Vert ical linage is not a unique characteristic 
of socialist planned economy. For non-public 
companies newly-emerged in a period of economic 
transformation, some of them are affiliated with  certain  
government department. Some are influenced by the 
vertical structure of government  because of their 
cooperation with state-owned and collective companies. 
Others are under direct supervision of a government 
department, such as some township enterprises.  

Horizontal linkage of a company refers to its 
connection with other companies. The linkage can be 
various, such as business relation, cooperation relation, 
debtor-creditor relation and holding relation. There was 
horizontal linkage between companies even in the time 
of planned economy. Its function was not only 
informat ion communication, but also the final 
guarantee to deal with resource shortage and 
emergency. During the time of economic 
transformation, as independent financial units, 
companies are expanding their horizontal linkage. If 
horizontal linkage increases in scale and number, the 
company will gain more effect ive information and have 
more choices, which promotes its development. If 
horizontal linkage decreases in scale and number, the 
company will be secluded with few opportunities. It 
can develop only in a limited space.  

Although companies operate within economic  
filed, companies and their managers live in a broader 
social environment. Social communication and 
connection of company owners are not the property of 
a company, but they are the necessary wealth. It is 
because non-economic social communicat ion and 
connection of company managers are the channels for 
the company to communicate in formation and establish 
trust with the exterior. They are also informal 
mechanis ms for companies to acquire scarce resources 
and to compete for business projects.  

C. Party organization in non-public companies is an 
important social capital for private businessman class. 

In his study on the institutional school of 
organizational sociology, Zhou Xueguang [10] points 
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out that the school uses the concept of legality to 
emphasize an authority relat ion established on social 
recognition. The mechanism of legality is institutional 
power to lead or force organizat ions to adopt the legal 
organizational structure or measures in exte rnal 

the log ic of 
soc
the book, How Institution Thinks, Mary Douglas 

and behavior pattern and shapes their thinking. 
Organizations have to gain legality  by the ways 
recognized by external environment.  

1) In order to comply with the institutional 
environment, private businessman should take the 
initiative to set up party organization.  

In terms of party construction in private 
companies, there is no legal footing, but there are 
institutional regulation by the party and state. Along 
with the development of non-public economy, the 

e
businessmen changes in logic: acquiescence 
opposition  allowance  encourage. Party-join ing of 
private businessman and the establishment of party  
organizations in  private companies are the 
requirements of institutional environment. Party  
branches are established in non-public companies
nationwide. Until March  8th, 2012, with the issue of 
Opinions about Strengthening and Improving Party  
Construction in Non-public Companies (trial) by  
General Office of the CPC Central Committee, the 
party has realized organization coverage in large-scale  
non-public companies.  

2) Organization convergence is a necessary logic of 
party construction in different places. 

Dimaggio and Powell contend that reasonable 
choice in  history and efficiency mechanis m play an  
important role in organization convergence. However, 
in modern  society, organization convergence originates 
in the institutional environment of organizations and is 
realized through three mechanisms: force mechanism, 
imitation mechanism and social regulation mechanism.  

3) Party construction in private companies connects 
social capital of private businessmen.  

Firstly, as an important carrier of company culture 
and political training, party organizat ion connects and 
promotes interpersonal relationship in the company. 
Hylton Mayo, Rothlisberger and Dixon, fo rerunners of 
Interpersonal Relationship School from America, 
conducted the famous Hawthorne test in the Hawthorne 
factory of American Western Electric Company from 
1927 to 1932. After a series of observation and 
experiments, they realized that the mental condition of 
organization members is influenced by interpersonal 

behavior and productivity. They also found that in 
formal organizat ions, there are informal relations based 
on emotion and practical functions. Chester I. Barnard, 
the founder of Social System School of western 
modern management theories put forward 

the Function of 
Manager. He contended that the existence of 
organization is determined by the balance between 
contribution and satisfaction of organizat ion members. 
Workers should not only be given material reward, but 
also mental satisfaction. Party organizations connect 
formal and informal relations and give workers 
humanistic care to strengthen cohesion and centripetal 
force. 

In addition, party organization is an importation 
carrier o f the symbiosis of institutional environment 
and technology environment. Party organizat ion is a 
symbol of legality of party in non-public companies. It  
reflects an inoculation and control of ideology. It  
influences the culture of a company by organization  
convergence and interference, in order to control 
non-public companies. By using this institutional force, 
private businessman class can expand its vertical 
linkage with the party and government, in order to 
acquire more scarce resources to support the 
development of the company.  

III. CONCLUSION 

The article d iscusses the operational logic behind 
the emergence of private businessman class with an  
emphasis on the important role of social capital in its 
emergence. It begins with a review of the development 
of social capital and of the previous research on social 
capital of private businessman in China. Based on this, 
the concept of social capital is clearly defined, which  
lays a foundation for the following analysis. In  order to  
analyze the emergence of private businessman class, 
Robert Vegeta s way of argumentation is adopted. 
Three theoretical hypotheses and nine inferences are 
put forward  in order to demonstrate the inner logic of 
social capital of private businessman in China. 
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Abstract - According to the characteristics of 
international DCS project that benefit and risk coexist, 
the multilevel fuzzy comprehensive evaluation model 
covering Delphi, AHP (Analytic Hierarchy Process) and 
Fuzzy Comprehensive evaluation Model will be 
introduced into the international DCS project risk 
analysis. Taking Salah Al-Din Fuel Gas Power Plant DCS 
project In Iraq as an example, we successfully carries on 
the comprehensive evaluation of risk model. The 
evaluation results shows strong systemic and practical. It 
also provides strong support for project risk management 
and decision-making. 

Keywords - AHP, Delphi, international project, risk
 I. INTRODUCTION  

With the rapid economic development of  
developing countries, Chinese DCS (Distributed 
Control System) project exported to overseas countries 
is increasing year by year. At the same time, we have to 
see that DCS pro jects not only help the companies to 
gain great economic benefits but also brings high risks 
to them due to the complexity and uncertainty of the 
project. The existing international DCS project risk 
research [1-3] is mainly based on the identification of 
risk factors and countermeasures research. Based on 
the research of international p roject risk management
[4-6], the paper establishes the multilevel fuzzy  
comprehensive evaluation model covering Delphi, 
AHP and FCM. We take the 2*630MW Fuel Gas 
Power Plant DCS pro ject in Salah Al-Din, Iraq as an 
example, using mult ilevel fuzzy comprehensive 
evaluation model for the purpose of the comprehensive 
risk degree of the effective evaluation.

II. ESTABLISH THE EVALUATION INDEX 
SYSTEM OF INTERNATIONAL DCS PROJECT 

RISK 
 This paper refers to many data management  
project of the international DCS, collects DCS senior 
experts experience extensively. Considering the factors 
of international DCS projects covering environment, 
construction characteristics, status of project 
management, we determined the suitable evaluation 
index of international DCS project risk management, 
and set up the international DCS risk evaluation index 
system as shown in Fig.1.The risk assessment index 
system have three levels includ ing the target layer, 
criterion layer and index layer. The target layer is the 
project risk management (A); the criterion layer include 
project environmental risk (A1), project participants 
risk (A2), technology risk (A3) and project management 
risk (A4); the index layer contains sixteen risk items 
including political risk (C11), economic risk (C12) etc.

III. ESTABLISH THE MULTILEVEL FUZZY 
COMPREHENSIVE EVALUATION MODEL 

A. Establish the evaluation index system of 
project risk management A , evaluation set V and the 
index weight vector W, expressed as :

; ;
, where n, m, respectively index 

grading number and evaluation rank number. The 
vector W meet [7] .

Project Risk Management A

Project Environmental 

Risk 

Project Participants 

Risk 

Technology Risk Project Management 

Risk 

Political risk 

Legal risk 

Econom
ic risk 

Natural environm
ent 

risk 

Ow
ner's risk 

Supervision  risk 

Partnership risk 

Designer risk 

Design risk 

Construction risk 

Quality risk 

Bidding decision-
m

aking risk 

Contract m
anagem

ent 
risk 

Organizational risk 

Schedule risk 

Financial risk  

Target Layer

Criterion Layer

Index Layer

Fig.1. International DCS Risk Evaluation Index System 

B. Using AHP to determine the weight of evaluation  
index set of each risk index in A , (i=1, 2, ,n),
Specific as:

(1) Using Delphi constructs pairwise comparative 
judgment matrix , where using 1~9 scale 
method for assignment [8].

(2) Using the root method to calculate the weight 

of lower index on the upper index. First, calculate the 
product of the elements in each line of the judgment 
matrix ; Then calculate the geometric 
mean ; Normalized the judgment matrix A 
to get the weight coefficient of the item i.

And according to the calculation to  
determine the maximum eigenvalue and eigenvector of 
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the judgment matrix. Finally verify the numerical 
validation after normalizat ion processing whether meet  
the consistency requirements, if it meets the criterion,
then use the numerical value as the weights of 
indicators of the layer to upper layer. Among them, the 
consistency index of CI= , the consistency ratio  
CR=CI/RI, the RI as the mean random consistency 
index, RI value are shown in Table I. If random 
consistency ratio CR<0.10, it means that the 
consistency of judgment matrix is satisfied, that is to 
say the weight meets the requirements [9].

(3) Establish the fuzzy relationship matrix 

, using Delphi for membership assignment. 
Using fuzzy comprehensive evaluation principles, 
carries on the comprehensive operation step by step. 
The next level fuzzy comprehensive evaluation comes 
the first, and conclude the next level of fuzzy  
comprehensive evaluation result ; Then, 
using the higher level evaluation matrix 

to obtain the total evaluation vector 
D=W * B using fuzzy comprehensive evaluation.

(4) Based on the comprehensive score values 
to rate the risk level.

TABLE I
THE MEAN RANDOM CONSISTENCY INDEX AND THE MODULE RELATION
Module 1 2 3 4 5 6 7 8 9

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45
IV. RISK COMPREHENSIVE EVALUATION OF 

SALAH AL-DIN FUEL GAS POWER PLANT DCS 
PROJECT 

 
A. Constructs the multilevel fuzzy comprehensive 
evaluation factor set

According to the DCS project risk evaluation  
index system, setting up the project multilevel fuzzy  
risk evaluation index system which is consisted of 4 
primary ind icators and 16 secondary indicators: The
primary evaluation index set of pro ject risk 
management A={A1,A2,A3,A4}={Project environment 
risk, Project part icipants risk, Technology risk, Project  
risk management}; The secondary evaluation index set 

, where s denotes 
the number of evaluation index in the sub-index set.

B. Determine the evaluation set for degree of risk
According to the severity of the DCS project risk,

the evaluation set V can be divided into five 
dimensions: V={0.9,0.7,0.5,0.3,0.1}={ Very h igh, High, 
Medium, Low ,Very low} . Quantitative evaluation of 
standard design is shown in Table II [10].

C. Calculate the weight of each risk factor
With the abundant expert resource, consistency 

judgment matrix is finally constructed by several 
rounds of Delphi. For example A - Ai code for the 
target layer of the judgment matrix:

Risk weighting data is calculated by EXCEL 
software programming. It is fast, accurate and reliab le. 
Specific calcu lation data can refer to the Table III. In  
other levels of risk factors of weight vector is 
calculated with the weight, as listed in Table IV.

TABLE II
GRADING STANDARD OF RISK ASSESSMENT

Evaluation value
Risk grading Very high (VH) High (H) Moderate (M) Low (L) Very low (VL)

TABLE III
JUDGMENT MATRIX CALCULATION TABLE OF A-Ai

Project risk A1 A2 A3 A4 Wi Awi Awi/Wi CI=
(I=n)
/(n-1)

CR=
CI/RIEnvironmental risk 1  3  4  2  24.0000 2.2134 0.4668 1.8840 4.0356 

Participants risk 1/3 1  2  1/2 0.3333 0.7598 0.1603 0.6453 4.0262 
Technical risk 1/4 1/2 1  1/3 0.0417 0.4518 0.0953 0.3847 4.0366 

Management risk 1/2 2  3  1  3.0000 1.3161 0.2776 1.1174 4.0255 0.0103 0.0116 
4.7411 4.0310 

TABLE IV
FUZZY COMPREHENSIVE EVALUATION OF AND THE SALAH AL-DIN DCS PROJECT IRAQ

Total evaluation 
index Criterion layer index Second layer 

index Weight
Membership degree evaluation

VH
0.9

H
0.7

M
0.5

L
0.3

VL
0.1

Project risk 
management

A
0.5970

Project environment risk
A1

0.6843

C11 0.5731 4 4 2 0 0
C12 0.2532 3 4 2 1 0
C13 0.1082 2 3 4 1 0
C14 0.0655 0 1 3 2 4

Project participants risk
A2

0.5077

C21 0.4747 1 3 4 2 0
C22 0.2551 0 3 5 2 0
C23 0.1072 0 1 4 3 2
C24 0.1630 0 1 5 3 1

Technical risk
A3

0.4414

C31 0.5584 0 2 5 2 1
C32 0.3196 0 2 4 3 1
C33 0.1220 0 1 3 4 2

Project management risk
A4

0.5551

C41 0.0655 0 2 4 3 1
C42 0.2017 0 3 4 3 0
C43 0.1164 0 2 5 2 1
C44 0.3587 2 3 4 1 0
C45 0.2577 1 4 3 2 0
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D. Established each level’s fuzzy relationship matrix
Using Delphi established

relation matrix. When it comes to the actual assignment, 
we can invite 10 experts to evaluate the degree of 
membership according to the DCS enterprise 
management and technical resources . Evaluation of the 
results in Table IV.

According to Table III, we can know the 4 two  
level index fuzzy relation matrix 
Take the evaluation of project environment risk as an 
example a, accord ing to the number of experts on every 
risk factors after the judgment is very high, high, 
medium, low, very low calculated membership each  
comment, the corresponding the fuzzy relat ion matrix 
can be expressed as:

E. Comprehensive evaluation of DCS project risk 
factors risk step by step

Comprehensive evaluation of the risk of  
operational level two risk factors :

Similarly, we can know the evaluation results of 
the other risk assessment factors B2~B4.Primary risk 
factors in comprehensive evaluation of operation risk. 
The comprehensive evaluation of the results obtained 
by the above evaluation index subset ,
constitute a level fuzzy evaluation matrix 

.

F. Rating according to comprehensive score value of 
Salah Al-Din Fuel Gas Power Plant DCS project risk

Calculate respectively with each index and overall 
project risk fuzzy comprehensive evaluation results and 
we can get the following the risk value. Project 
environment risk comprehensive evaluation value:

Project participants risk comprehensive 
evaluation value: .
Technical risk comprehensive evaluation value:

. Pro ject management risk
comprehensive evaluation value:

According to the calculation results, we can know
that the results of the risk assessment of Salah Al-Din
Fuel Gas Power Plant DCS project "project  
environment risk" as "high" belongs to the H class; the 
other three risk evaluation results as "moderate" 
belongs to the class M. Project overall risk 
comprehensive evaluation value:

. The overall risk level as "moderate", belongs 
to the M class risk. Based on the overall evaluation of 
risk, through risk avoidance, risk mit igation, risk 
transfer and risk retention, risk prevention and risk 
reserves, such as the comprehensive utilization of risk 
coping strategies, targeted to develop the Salah Al-Din

Fuel Gas Power Plant DCS project various risk 
measures, to provide a powerful guarantee for the 
smooth implementation of the project.

V. CONCLUSION 

In summary, the mult ilevel fuzzy comprehensive 
evaluation model simplifies the complicated 
calculation, and gives accurate values of risk evaluation  
index quickly. The model evaluation results is easy to 
calculate and master. It  has strong systemic and 
practical to provide strong support for project  risk 
management and decision-making. It can be applied in  
not only risk management of normal DCS pro jects in 
overseas thermal power plants, but also in green field  
including nuclear power, wind power and distributed 
energy stations. It will help with avoiding the project 
risk and raising the level of project process control. 
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Abstract - On the one hand, change claims of 
hydroelectric engineering are the effective means for the 
contractor to reduce losses and improve profit. On the 
other hand for the owner, if the engineering change claim 
work is managed well, it will reduce project costs and 
improve project management efficiency. The article will 
introduce the case of the frequent drainage items of dam 
foundation pit change claims in the Dadu River 
Huangjinping hydroelectric station. And it will analyze 
how to do the engineering change claims from the 
contractor perspective. 

Keyword - Cost claim, engineering change claims, 
Huangjinping hydroelectric station, the frequent drainage 
items of dam foundation pit 

 
 

I. INTRODUCTION 
 

Engineering change mainly refers to the measures 
that change the original contract documents to ensure 
the smooth implementation of the project which is due 
to the change of contract status. And it always comes 
with the measure to adjust the contract price and 
duration. In the process of the project, due to the 
complexity of the construction environment and the 
design drawings which is not deep enough, the 
difference comes between the original design and actual 
construction [1]. The differences will increase the 
duration, added fee, and make the contractor suffering 
losses. Then the contractor could make a claim to the 
owner to make up for the loss [2]. The article will 
combine the construction condition change that the 
water seepage increases in the dam foundation pit, 
which causing the change claim case. It will analyze the 
concrete process of the claim and provide a reference 
for the actual claims. 

 
 

II. CLAIMS CASE STUDY
 

A. Basic Situation 

Huangjinping Hydroelectric Station is located in 
the upper reaches of the Dadu River. There is a planning 
of the main stream in the Dadu River - “three base and 
twenty-two grade”. Huangjinping Hydroelectric Station 
is the eleventh grade power station of the hydroelectric 
planning. It is developed by the mix way of the 
reservoir dam and “one station and two factories”. The 
hydroelectric station plants total installed capacity of 

850MW (800MW of the large plant and 50MW of the 
small plant). The frequent drainage items of dam 
foundation pit belonging to the construction of diversion 
and water control. Although bid contracts stipulate 
explicitly about the frequent drainage project of dam 
foundation pit, but in the actual construction of one year, 
the actual drainage volume is much greater than the 
design drainage quantity. The contractor has invested a 
lot of manpower, material resources and money to 
accomplish the task, and it makes a huge lose to the 
contractor. So the contractor proposes the claim for the 
losses. If none of the contractor’s ability results the 
project costs raise, and it enable the contractor to 
increase additional costs or suffer economic losses, then 
the contractor can propose an expenses claim according 
to the provisions of the contract. 

In the case, the frequent drainage project of dam 
foundation pit officially started from May 6, 2012. The 
contractor set 1# pumping station in the right of 
downstream foundation pit according to the 
construction organization design requirements. But in 
the later process, the 1# pumping station couldn’t meet 
the needs. Then they added the 2# pumping station in 
the left of upstream foundation pit due to the 
construction of cutoff wall for foundation pit in 2012 
December. From May, 2012 to May, 2013, the actual 
drainage volume was much greater than the design 
drainage capacity, which was 3.9 million m3. The 
original design documents had provisions on this item, 
it is showed in the TABLE I.  

TABLE I 
PROVISIONS IN THE ORIGINAL DESIGN DOCUMENTS 

Daily average drainage volume of 
frequent drainage in the foundation pit

Pay way 
 

<=4000m3/h Pay for the total contract price 

>=4000m3/h Pay for the station price 

B. Preparation for Claim  

After the contractor found the situation in the 
actual construction process, they timely communicated 
with supervision. The employer, supervision and the 
design units were also very concerned about the work. 
As of August, 2013, they had organized conferences 
seven times, issued fifteen copies of special documents 
and instructions, required the contractor to do the 
frequent drainage items of dam foundation pit well in 
the coming flood season. The contractor site quantity 
visa work actively, and collected the bills of quantities, 
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meeting records and construction instruction. 
C. Claim Values 

According to the general conditions of contract 
clause 39.1 (1) - (1) During performance of the contract, 
the supervisor can indicate the contractor for the 
following types of change according to the needs of the 
project.  Increase or decrease the content in the 
contact;  adding any extra work required to 
complete the project. If there is none of the supervisor's 
instruction, the contractor shall not alter the project. The 
equipment increase and volume increase of the drainage 
project, which are in response to the requirements of the 
construction environment change and approved by 
ministry of supervision. They belong to engineering 
change. 

The contractor firstly calculated the added fee of 
drainage equipment, according to the actual drainage 
equipment which was put as the actual construction 
documents. Because the part that the volume was  
4000m3/h, which was far more than the plan volume of 
3.9 million in the technology design documents, so the 
new part according to the actual drainage work hour 
which was visa by the supervision, multiplied by the 
corresponding price, should be given compensation 
costs. 

The contractor then reported well written claim 
report to the owners, and added the original data, the 
complete proof of claim, claim items and claim cost, 
and timely communicated with the owners to enter the 
stage of the claim negotiation. 

 
 

III. THE STRATEGIES AND SKILLS OF CLAIMS 
 

In order to get the construction contract of one 
engineering project in the fierce market competition, the 
contractors will not only make full use of the 
advantages in management level, construction 
techniques and mechanical equipment to win the 
bidding with low interest policy and dig the potential of 
the enterprise as far as possible, but also find all claim 
opportunities that might appear in the process of 
construction through field investigation, analysis of the 
contract conditions in the tender documents and the 
design drawing, to get extra profits by claiming for 
compensation during the construction [3]. This strategy 
is legal and reasonable as well. The particularity of 
hydropower engineering determines the complexity and 
particularity of the engineering project contract 
management, that even the most detailed contract 
documents being supposed to may have omissions 
places due to the complicated engineering construction, 
and the unpredicted accident risk that might happen 
gives a chance to the contractors of the claim 
opportunity [4]. With this strategy, the contractors can 
turn the disadvantageous factors of low bid price into 
advantages, and regain the initiative in construction. 

 
A. Establish a Claim Leader Team 

The work of claims is very complex and detailed 
with wide covers and long cycle, and need cooperation 
among different staffs and departments. Establishing a 
specialized claim team for the great compensation 
claiming event plays an important role in this work, and 
the team’s work determines success or failure. Usually, 
the claim team is leaded by the Project Manager, 
including experienced experts and contract management 
staffs concretely [5]. During the construction of the 
Huangjinping Hydroelectric Station, the claim team 
established by the contractor (Jiangnan Water 
Conservancy and Hydroelectric Company), is leaded by 
the Project Manager, and making up by experienced 
section chief and members in Contract Planning 
Department, with the cooperation of other technical 
section, finance section and on-site construction 
personnel, the team starts collecting the claim evidence 
from the on-site interference incidents analysis, and 
communicate with supervisor and first party, to carry 
out a comprehensive claim work [6]. 

B. Collect the Enough Claim Evidence  

Evidence is the premise of effective claim, the 
claim evidence usually comprising the contract 
documents, bidding documents, construction scheme, 
construction drawings; correspondence such as 
change of instruction, notice; the various meeting 
records; the construction schedule and the actual 
construction schedule record; the construction site 
of the project file, the construction records of site; 
engineering visa; engineering photos and video. 
The claim must be reasonable, but achieving the point 
we must understand the original data, ensure the 
accuracy and integrity of original data, in order to make 
the claim more reliable, success rate higher. 

C. Using Right Methods 

Striving for individual claims, avoiding 
comprehensive claims. Individual claim refers to the 
claim that appears to interfere with the original contract 
in engineering construction, contractor for this event 
claim. Comprehensive claim refers to claims that had 
been proposed in the construction process but 
unresolved, and contractor would put forward a total 
claim to reports to the owner's claim. So many 
disturbance events would appear when disposing 
comprehensive claims, and the difficulties are complex, 
some of the evidence lose efficacy, and that may result 
in difficulties in analysis and calculation which make 
claims processing and negotiations are difficult. And the 
amount of comprehensive claim is larger, sometimes 
may require the contractor to make greater concessions 
to solve. Due to contract events is relatively simple, 
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Individual claim is simple, and responsibility analysis 
and the calculation is not too complex, the amount is 
smaller than comprehensive claim, both sides tend to 
reach an agreement, the claim may successful easily. 
Therefore, the contractor must master the favorable 
opportunity in construction claims, and strive to 
individual claim, to solve every item in the process of 
construction alone [7, 8]. 

D. Make Good Communication with the Owners and 
Supervision 

The claim should be settled amicably, prevent 
antagonism, and pay attention to communication with 
supervising engineer. Claims disputes are 
inevitable .The dispute cannot sensibly solved may 
result in some unsolved problems pending. Especially 
the contractor should particularly cool, prevent 
antagonism, and do their best to amicable settle claims. 
Supervision engineer is the witness of the construction 
process, striving for the engineer’s understanding is the 
key settle claims. Through supervision engineers to 
establish a good communication bridge with owners, 
owners’ final goal is to complete the quality and 
quantity of the project during the construction period, so 
they willing to have a friendly communication with 
conductors, do not cause unnecessary delays in 
engineering, with the reasonable claim, the owner is 
would acceptable [9-11]. 

 
 

IV. CONCLUSION 
 

The claim is a legitimate measure. In practice, the 
construction enterprise should pay special attention to 
the claim, achieve special claim responsibility system, 
collect perfect evidence compensation claims, use the 
correct methods, and communicate with the owners, 
supervision well. If the contractor tightly around the 
four points to carry out the work, the success rate of 
claim will be greater. 
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Abstract - With the increasingly growing social 
competition, pace of life and work accelerates
greatly, which causes rising social concern about the work 
stress of the post-80s generation, especially those with higher 
education background. They gradually start their careers,
and act as the backbone or reserve force in the course of 
enterprise growth. Therefore social attention should be 
paid to their work stress and problems related to stress. This
paper has acquired the basic data about the specific post-80s 
generation, including the data of their work stress, stress 
coping styles and psychological health status. Based on the 
data processing results of SPSS18.0, series of conclusions 
have been drawn ultimately.

Keywords - Coping style, post-80s, psychological health, 
work stress

I. INTRODUCTION

As a result of growing intensified social competition, 
the pace of work and life accelerates increasingly, which 
leads to much attention on work stress. A survey conducted 
by the United Nations International Labor Organization 
shows that psychological stress will become one of the most 
serious health problems of the 21st century. Based on a 
research, conducted by the national trade union in 2010, 70% 
of 1698 workers born in 1980s complain about relatively 
huge work stress, 20% of whom thinking they are under 
extremely considerable work stress. In addition, studies have 
shown that excessive work stress will not only harm 

their work status and performance. The post-80s generation 
refers to the group of people born between1980 and 1989, 

population. Meanwhile, they gradually start their careers, 
acting as the backbone or reserve force during the growth 
period of enterprises. Therefore, we need to pay special 
attention to their work stress, coping styles and psychological 
health status, especially those with higher education 
background. 

II. LITERATURE REVIEW 

Originally, stress is a concept of physics. Since it was 
introduced to the social sphere, it has attracted the attention of 
medicine, psychology, sociology and other disciplines, from 
studies of stress events to related stress source analysis, then 
to stress coping styles and finally to stress effect on health.
Consequently, prominent and influential achievements have 
been produced. Lazarus (1966) believes that stress is a special 
relationship between people and environment and that there 
exists a cognitive evaluation process between stress and 

during which people will firstly 
evaluate the outside environment to
challenging or threatening, and then evaluate their own 
response to it. When individuals think they will fail to deal 
with the outside challenging or threatening events, stress is 
produced [1]. In the 1960s, the focus on stress events shifted 
from work environment to work role. For a long period, 
people have been exploring new ways to cope with work 
stress on organizations and individuals, work and family,
salary and occupational health [2.].Gradually, multi-angle 
stress scales aimed at measuring and analyzing work stress 
emerged. Among the foregoing scales, the scale of 
occupational stress index (OSI) developed by Cooper and his 
colleagues is dominant and widely used [3]. 

Stress is objective and it is incapable to determine its 
production force. As a mediator to adjust and cushion stress, 
stress coping style can affect the force of stress felt by 
individuals. Stress coping styles can be divided into four 
kinds, namely positive action, avoidance, attack and 
laissez-faire (Lazarus, 1966) [4].There are six kinds of stress 
coping styles, namely self-blame, fantasy, retreat, 
rationalization help-seeking and problem-solving type (Ji-hua 
Xiao, 1996) [5]. Stress coping types can also be classified in to 
positive and negative styles  (Omit, 2006) [6]. However, 
Ya-ning Xie (1996) developed a simple stress coping scale on 
the basis of simplified and modified foreign stress coping 
scales because above-mentioned scales are not suited for the 
Chinese people. In this scale, the Cronbach's Alpha is 0.9. 
Positive and negative coping styles are the two factors 
affecting the validity test, and the variance of the two factors 
is 48.9% [7]. Domestic researchers adopt the simple stress 
coping scale developed by Ya-ning Xie to do researches
about stress coping styles of different groups.  

Of course, work stress can influence people's physical, 
psychological conditions as well as behaviors and moderate 
pressure can impel workers to do what they can to deal with 
problems, in order to keep good balance between work stress 
and psychological status. Meanwhile, excessive work stress 
will trouble body functions, thus having negative influence on 

suggests that 
huge work stress has significant negative correlation with bad 
mood, poor health and strong dissatisfaction towards work 
and stress of some work causes not only such physical 
problems as infection, headache, and respiratory diseases but 
also bad psychological condition, such as depression ,anxiety, 
and much poorer health [8]. Chang Hsiu- hua (2007) finds that 
work stress and fatigue for long time can cause health 
problems, including heart diseases and strokes [9].
Consequently, the force of work stress can be measured 
according to the level of psychological health status. 
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Derogatis (1965) designed the Discomfort Scale, which 
became the Brief Symptom Inventory through simplification , 
also called Symptom Check list 90 (SCL-90
Check List (HSCL) [10]. This scale, one of the world's most 
famous psychological health scales, is widely used both at 
home and abroad. Domestic researchers adopt this scale to 
study work stress and related health problems on nurses, IT 
knowledge workers, teachers and other groups. The results of 

research about work stress, stress coping style and 
psychological health status of post-80s.

III. SURVEY PROCEDURES 

A. Sampling and Instruments 
All participants are post-80s, working in d ifferent 

industries of domestic companies all over China. Under 
socio demographic characteristics, post-  age, gender, 
education and work experience are considered. Totally,
400 questionnaires are distributed by e-mail in this 
sample survey. Of all these 400 participants, 275(68.75%) 
have provided effective questionnaires, whose basic 
information is as follows (see TABLE I).

TABLE I
SOCIO DEMOGRAPHIC CHARACTERISTICS OF POST-80S

Classification Number Percentage (%)

Gender male 136 49.5
female 139 50.5

Education

college 35 12.7
undergraduate 222 80.7

Postgraduate and 
above 18 6.5

Work 
experience

less than one year 51 18.5

one to three years 205 74.5
more than three 

years 19 6.9

Work stress source scale uses occupational stress 
index (OSI) designed by Cooper and his colleagues. The 
initial index scale consists of 27 items, among which the 
items, whose correlation coefficients are less than 0.30, 
have been deleted after analyzing the correlation between 
the theme and items. In the p rocess of reliability analysis,
items with lower internal consistency have been deleted. 
Then, we use principal component analysis to extract the 
common factors and delete items whose load values are 
less than 0.5 through exploratory factor analysis. 
Eventually, the index scale contains 23 items and each 
item uses 5-point Likert scale: "strongly disagree" 
(coded1), "inclined to disagree" (coded2), "no idea" 
(coded3), "inclined to agree" (coded4) and "strongly 
agree" (coded4). The higher the scores are, the greater, 
the perceived work stress is. All participants are required 
to objectively fill in the scales according to true facts. 
This study shows the value of Cronbach's Alpha is 0.840 
and split-half reliability coefficient is 0.708, and this 
indicates a good internal consistency of the scale.

Coping Scale refers to simple coping style 
developed by Ya-n ing Xie including 20 items as regards 

positive and negative coping styles, adopts 4-point scale 
scoring method :  (coded0), 
(coded1),  (coded3). 
Participants are required to reflect  their attitudes and 
measures faced with work stress and frustration. The 
value of Cronbach's Alpha is 0.875, which indicates a
good internal consistency of the scale. 

Psychological health scale adopts the Symptom 
Check list 90 (SCL-90) compiled and revised by
Derogatis by using 5-point scale scoring method: one
(coded1),

 (coded5). The value of 
Cronbach's Alpha is 0.971, which indicates a good 
internal consistency of the scale. 
 
B. Primary analysis 

Work stress source data is processed by SPSS 18.0. 
And both the Bartlett test of sphercity (1771.416 at  
p=0.000) and the Kaiser-Meyer-Olkin measure of 
sampling adequacy (KMO=0.806) indicate that there are 
sufficient inter-item correlat ions within  the data for factor 
analysis. Factor analysis extracts 7 factors, whose 
eigenvalues are above 1 and loadings above 0.5, and these 
seven factors accounts for 62.265% of variance. These 
seven factors are economic reward stress, occupation 
development stress, work stress, life role stress, 
organizational atmosphere stress, interpersonal stress and 
work-family conflict stress. By summing up products of 
each factor coefficient value and the average value of 
each item, we get the average value of each factor, and 
find economic  rewards stress (3.823), career development 
stress (3.373), the stress of work itself (3.353)  and role 
stress(3.013) are fields putting heavier stress on post-80s. 

The one  way ANOVA analysis about post-80s, by 
keeping gender, education and work experience as the 
control variable respectively, showed that gender is a
significant factor affecting organizational atmosphere, 
economic reward and work-family conflict stress. 
Compared with males of post-80s, females have lower 
stress in economic reward  as well as organizational 
atmosphere, but higher stress in work-family conflict  (see 
TABLE II). Although education level has close 
relationship with the stress form interpersonal 
relationship, organizat ional atmosphere and work itself, 
and so does work experience with the stress of work itself,  
life role and interpersonal relationship, conclusions 
remain to be further verified because the sample 
population of post-80s with college and postgraduate 
education background is relatively small, and so is the 
sample population of post-  work 
experience. 

TABLE II 
SIGNIFICANT DIFFERENCE BETWEEN GENDER AND WORK 

STRESS ( x ± s) 

Stress Gender
     Male Female F

Organizational atmosphere 2.76±0.62 2.57±0.62 6.51*
Economic reward 3.91±0.54 3.73±0.57 7.17**

Work-Family conflict 2.38±0.51 2.43±0.48 4.86*

510 Y. Wang et al.



According to the descriptive statistical analysis of
the way of stress coping styles, the mean  and standard 
deviation of positive coping styles are respectively 1.978 
and 0.708, which means that post-80s somet imes take 
positive stress coping style; the mean and standard 
deviation of negative coping style are respectively 1.089 
and 0.718, which means that post-80s occasionally take 
negative stress coping style. When gender is the only  
variable in  the research, regardless of education 
background and work experience, we can see males of 
post-80s are more inclined to adopt negative coping style 
with comparison to females  (see TABLE III). 

TABLE III
GENDER EFFECT ON COPING STYLES ( x ± s)

Gender
Male Female F

Positive 
coping style 1.98±0.32 1.97±0.32 0.09

Negative 
coping style 1.07±0.33 1.10±0.32 0.35*

According to the result of descriptive statistical 
analysis of psychological health, the average values of 
depression, anxiety, interpersonal sensitivity are respectively 
3.100, 2.877 and 2.712, showing post-80s are in the 
medium-to-quite-slight degree in such three aspects. The 
average values of hostility and obsessive-compulsive disorder 
are respectively 2.527 and 2.476, showing post-80s are in 
the quite slight degree in such two aspects. The average 
values of paranoia, somatization, psychological illness and 
terror are respectively 1.638, 1.417, 1.347 and 1.294, showing 
post-80s are in the very-slight-to-none degree in the four 
aspects. Gender factor shows that there are no significant 
differences in psychological health between males and 
females of post-80s. However, education level and work 
experience, when used as the control variables, will bring 
about huge differences in paranoia, somatization, anxiety, 
interpersonal sensitivity and terror. But this result needs
further verification by enlarging the sample size of post-80s
with college and postgraduate education background and 
with more than three years  work experience.  

C. Correlation analysis 
Results of correlat ion analysis on work stress and 

psychological health show no significant correlat ion 
between the stress of work itself and terror, the role of 
stress and hostility, interpersonal stress and terror, but 
significant positive correlat ion between other work stress 
factors and psychological health indicates that the heavier 
the work stress on post-80s are, the severer their 
psychological health problems are. Based on the 
correlation analysis, mult iple linear regression analysis is
gradually conducted, with the seven factors of work stress 
source as independent variables and psychological health 
as dependent variable (see TABLE IV). As can be seen in 
TABLE IV, these seven work stress factors can explain  
the total 13.2% variation of psychological health, among 

the stress of work 
itself  and work- 

are elected into the regression 

equation, emerg ing as prominent predictors of 
psychological health. 

TABLE IV
MULTIPLE REGRESSION ANALYSIS ON PSYCHOLOGICAL 

HEALTH AND WORK STRESS

S T Significance

Stress of role 0.198 3.165 0.002
Work itself 0.240 2.152 0.003

Career development 0.248 3.235 0.000
Work - family conflict 0.250 4.000 0.000
R2=0.132; Adjusted R2=0.110; F=5.819; Sig.=0.000
Standard regression equation: Psychological reaction = 0.198* Stress 
of role +0.240 * Work itself + 0.248* Career Development +0.250 * 
Work-family conflict

Result of correlation analysis on work stress and 
coping style indicates that there is significant negative 
correlation between  interpersonal relation, organizational 
atmosphere, work-family conflict and positive coping 
style, namely, the higher stress 80s feel in interpersonal 
relation, organizational atmosphere and work-family  
conflict, the weaker tendency they will choose positive 
coping style; there is significant  positive correlat ion 
between stress of role, career development, work itself 
and negative coping style, namely, the bigger stress in life 
role, career development and work stress itself, the 
stronger tendency they will choose negative coping style, 
which pred icts negative coping well. Based on correlat ion 
analysis, mult iple regression analysis is conducted, with 
the seven factors of work stress source as independent 
variables and two coping styles as dependent variable 
(see TABLE V). It is observed from TABLE V that the 
seven work stress factors can exp lain  the total 9.9% 
variation in negative coping style, among which  the stress 
of life role  the stress of work itself  0.252), 

are elected into the  
regression equation, emerging as outstanding predictors 
of negative stress coping style. 

TABLE V 
MULTIPLE REGRESSION ANALYSIS ON NEGATIVE COPING 

STYLE AND WORK STRESS

S T Significance

Stress of role 0.284 4.460 0.000
Work itself 0.252 3.320 0.001

Career development 0.325 2.355 0.000
R2=0.099; Adjusted R2=0.076; F=4.201; Sig.=0.000
Standard regression equation: Negative coping = 0.284* Stress of 
role +0.252 * Work itself + 0.325* Career Development

Result of correlation analysis on psychological 
health and coping style indicates that there is significant 
negative correlation  between somatizat ion 
obsessive-compulsive disorder and positive coping style, 
namely, post-80s will have lighter somatization and 
obsessive-compulsive disorder with preference to positive 
coping style; there is significant positive correlation 
between interpersonal sensitivity, depression, anxiety, 
hostile, psychological illness, horror and negative coping 
style, namely, post-80s will have more serious 
interpersonal sensitivity, depression, anxiety, hostile, 
psychological illness and horror when they adopt the 
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negative coping style. Based on the correlation analysis, 
multip le regression analysis is conducted, with coping 
style as independent variables and psychological health as 
dependent variable (see TABLE VI). The result of 
TABLE VI shows that the two coping style factors can 
explain the total 8.2% variat ion in psychological health.
Besides, only negative coping style, with positive and
predictive effect on
taken into the regression equation. 
Correlation analysis on three types of scales indicates that 
coping style is a proper mediating variab le. TABLE VII 
shows the change of equation for introducing coping style: 
stress of role has reduced to 0.139 from 0.198, work itself 
has reduced to 0.232 from 0.240, career development has 
reduced to 0.126 from 0.248, work -family conflict has 
reduced to 0.240 from 0.250.These figures demonstrate 

that negative coping style of post-80s acts as a mediator 
between the stress of role, career development,
work-family conflict stress and psychological health. 
Some scholars have also confirmed  that coping style is an 
important mediator between stress  sources and responses, 
which is of great value for the study of individual's  
physical and psychological health. 

TABLE VI
MULTIPLE REGRESSION ANALYSIS ON PSYCHOLOGICAL 

HEALTH AND COPING STYLE

S T Significance

Negative coping style 0.283 4.866 0.000
R2=0.082; Adjusted R2=0.075; F=12.100; Sig.=0.000
Standard regression equation:  Psychological reaction = 0.283* 
Negative coping style 

TABLE VII
MULTIPLE REGRESSION ANALYSIS ON PSYCHOLOGICAL HEALTH AND WORK STRESS

S T Significance S T Significance
Step1 Step2

Stress of role 0.198 3.165 0.002 0.139 2.171 0.031
Work itself 0.240 2.152 0.003 0.232 2.272 0.000

Career development 0.248 3.235 0.000 0.126 3.245 0.000
work family conflict 0.250 4.000 0.000 0.240 3.874 0.000
Negative coping style 0.209 3.541 0.000

R2=0.132; Adjusted R2=0.110; F=5.819; Sig.=0.000 R2=0.172; Adjusted R2=0.144; F=6.103; Sig.=0.000
Step1 Regression equation: Psychological reaction = 0.198* Stress of role +0.240 * Work itself +0.248*Career Development+0.250 * Work-family 
conflict
Step2 Regression equation: Psychological reaction = 0.139* Stress of role +0.232 * Work itself +0.126*CareerDevelopment+0.240* Work-family 
conflict+ 0.209*Negative coping style 

Correlation analysis on three types of scales 
indicates that stress coping style is also a buffer variable 
in affecting the strength of the relationship between work 
stress and psychological health. When setting work stress 
factors as independent variable, psychological health as 
dependent variable, and coping style as moderating 
variable, we carry out hierarchical regression analysis 
with product terms owing to the continuity of both 
independent and dependent variables. TABLE VIII shows 
that the value of R2 of second regression analysis is 
higher than that of the first regression analysis and 
significant interaction between coping style and work 
itself is produced also with a h igh interaction coefficient 
(above 0.05). The result indicates that coping style takes 
moderating effect on work itself and psychological health. 
The same method of data processing also show coping 
style moderates, to some extent, stress of role, career

TABLE VIII
THE STRESS OF WORK 

ITSELFAND PSYCHOLOGICAL HEALTH

S T Signifi
cance S T Signif

icance
Step1 Step2

Coping 
style 0.047 1.785 0.043 0.276 2.185 0.030

Work 
itself 0.194 3.261 0.001 0.596 2.913 0.004

Coping style* Work itself 0.480 2.054 0.041
R2 0.040 0.054
R2

change 0.014

development, interpersonal relationship, organizational 
atmosphere, economic reward and psychological health 
(omit TABLE).

IV. CONCLUSION 

According to sample survey data analysis of 
post-80s work stress, stress coping styles and 
psychological health and their relationship, we get the 
following conclusions: 

Work stress is classified into seven groups, namely 
economic reward  stress, occupational development stress, 
stress from work itself, life role stress, organizational 
atmosphere stress, interpersonal stress and work-family  
conflict stress, among which the first four are relatively  
higher by comparison of average values. Compared with 
males of post-80s, females feel smaller stress in economic 
reward  as well as organizational atmosphere, but larger 
stress in work-family conflict.  

According to coping style analysis, post-80s
sometimes take active coping style and occasionally take 
positive coping style.  

According to psychological health data analysis, 
post-80s show medium-to-slight degree in  depression, 
anxiety and interpersonal sensitivity; quite slight degree 
in hostility and obsessive-compulsive disorder; slight- 
to-none degree in paranoia, somatization, psychological 
illness and horror. 

According to correlation analysis between work 
stress and related psychological health, the bigger stress 

512 Y. Wang et al.



post-80s feel, the more serious psychological health 
problems they have, among which life role stress, 
occupation development stress, the stress of work itself 
and work-family conflict predict psychological health 
well. 

According to correlation analysis between work 
stress and coping style, the larger stress post-80s feel in  
interpersonal relation, organizational atmosphere and 
work-family conflict, the weaker tendency they will 
choose positive coping style; the larger stress in life ro le, 
career development and work stress itself, the stronger 
tendency they will choose negative coping style, which  
predict negative coping style well. 

According to correlation analysis between coping 
style and related psychological health, post-80s will have 
lighter somatizat ion and obsessive-compulsive disorder 
with preference to positive coping style and more serious 
interpersonal sensitivity, depression, anxiety, hostile, 
psychological illness and horror with more towards 
negative coping style. Negative coping style has a
positive predictive effect on psychological health. 

Results of analysis on coping style, work stress and 
psychological health shows that negative coping style can 
not only mediate the relation between stress of ro le, work 
itself, career development, work-family conflict and 
psychological health, but also can adjust stress of 
economic reward, career development, work itself, life 
role, organizational climate and interpersonal 
relationship. 

Research needs to be further expanded in the 
college education, graduate education, work experience 
of less than one year and more than three years, aiming at  
verify ing the work stress of  post-80s  different 
education background and work experience on the basis 
of unbalanced data. Furthermore, the above conclusion 
need to be verified by exploring their work stress causes 
in combination with post-80s growing and liv ing 
background via in-depth interviews. 
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Abstract - Based on the sample of listed firms on SMEs 
board in China during the period 2004-2010, this paper 
investigates the impact of board independence on firm 
performance in the presence of significant ownership 
concentration. This paper does not find the evidence that the 
board independence of listed SMEs is endogenous. The 
results show that there is no significant relationship between
performance of listed SMEs and board independence, which 
means more independent directors cannot improve the 
performance of listed SMEs in China. There is significantly 
positive relationship between ownership concentration and 
board independence, while there is no signifi cant 
relationship betweeen ownership concentration and 
performance of listed SMEs in China.

Keywords - Board independence, ownership 
concentration, return on assets, small and medium-sized 
enterprises, s Q

I. INTRODUCTION
The role o f independent directors in the protection of 

shareholders has long been a subject of much debat. 
There are many empirical studies on the relationship 
between board independence and firm performance. 
However, most of prev ious studies are based on the data 
of large firms, and the empirical results are mixed.
Especailly in China, most studies on board independence 
and firm performance are based on the data of firms listed 
on the main board, namely large listed firms.

As an important part of Chinese capital market, the 
SMEs board plays important role in finance, corporate 
governance and industrial development for s mall and 
medium-sized enterprises( short for SMEs). Compared  
with firms listed on the main board in China, the board 
structure and ownership structure have the following 
obvious characteristics: firstly, the proportion of 
independent directors of listed SMEs is lower, and most 
of the independent directors of listed SMEs have 
professional expert ise in accounting or finance, as a 
consequence, the independent directors provide more 
advisroy than monitoring function in listed SMEs in 
China(Jiang, 2010)[1]. Secondly, there is high ownership 
concentration in listed SMEs, the most pervasive agency 
conflict in listed SMEs is between controlling 
shareholders and minority shareholders. Controlling 
shareholders may use their controlling right to expropriate 
wealth from minority shareholders. What s more, boards 
of firms with high ownership concentration may tend to 
be mostly comprised of directors who represent the large 
owner s or manager s intrests. Since the controlling 
shareholders have important impact on the board 
composition, the ownership concentration has direct 
impact on the independence of independent directors.
Thus, ownership concentration has indirect impact on 
firm performance. The independent directors can play 
effective supervision function, and reduce the agency 

problem between minority shareholders and managers in  
firms with low ownership concentration. However, the
cotrolling shareholders can reduce the independence of 
the board using their voting right in frims with high 
ownership concentration. Thirdly, most of the listed 
SMEs are private firms, there is no obvious multilevel 
pyramid ownership structure of listed SMEs in China.
Consequently, compared with firms listed on the main  
board, the relationship between board independence and 
performance may be different in listed SMEs.

This paper aims at investigating the impact of the 
board independence on performance of listed SMEs under 
high ownership concentration based on the data of firms  
listed on SMEs board in  China during the period 
2004-2010. Our paper sheds light on the understanding of 
the relationship between board independence, ownership 
concentration and performance of firms listed on SMEs 
board in emerging markets.

II. LITERATURE REVIEW
There are many studies on the impact of board 

independence on firm performance, but the results are 
mixed. Hermalin and Weisbach(1991), Mehran(1995), 
and Klein(1998) all report insignificant relationship 
between frim performance and board independence, using 
various measures of firm performance[2-4]. Erickson et 
al.(2005) also find that greater board independence does 
not have significant impact  on firm value, and that poorly  
performing firms will increase the proportion of outside 
directors in the subsequent periods[5]. However, Agrawal 
and Knoeber (1996), Bhagat and Black(2001) both find 
that the board independence has significantly negative 
impact on firm value meausred by Tobin s Q[6, 7]. Further, 
Dehaene, Vuyst and Ooghe(2001) find a significantly  
positive relationship between return  on equity and the 
number of external directors , which means that board 
independence has positive impact of firm s accounting 
performance[8]. Krivogorsky(2006) find that the board 
independence can increase firm performance measured by 
return on assets, Tobin s Q and market  to book ratio, 
using data from 87 European firms [9]. Lefort  and 
Urzua(2007) find that the increase in the proprtion of 
outside directors can increase firm value, using a 
four-year, 160-company pannel data[10].

In the recent year, some Chinese scholars studied the 
relationship between board independence and firm 
performance based on the data of listed Chinese firms on 
the Main board. Wang, Zhao and Wei(2006) find a 
significantly positive relationship between independent 
directors and firm performance[11]. However, Li and 
Sun(2007) do not find that there is significant relationship 
between the board independence and firm performance[12].
Hao and Zhou(2010) get the different result, they find that 
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the increase in the proportion of independent directors 
does not necessarily lead to the improvement of firm 
performance, but the performance improvement helps to 
the decline in the independence of the board[13].

III. RESEARCH DESIGN

A. Data and Sample
The impact of the board independence on perfor-

mance of listed SMEs is tested using financial data from a 
sample of listed SMEs in China which are selected by 
several criteria : (1) Since accounting earnings are more 
probably manipulated in ST firms and *ST firms, ST 
firms and *ST firms are both excluded; (2)Since there is 
difference between financial statements and capital struc-
ture of financial firms and non-financial firms, financial 
firms are excluded, also excluded are public services 
firms and firms with missing financial data or abnormal 
financial data. The requirement yields a sample of firms  
consisting of 1223 firm-year. All the financial data are
obtained from CSMAR database.

B. Variables
1) Firm performance: Tobin s Q and ROA are used 

to measure the market  performance and accounting

performance of listed SMEs, respectively. Tobin s Q is 
the ratio of the sum of the market value of equity and the 
book value of total debt divided by the book value of total 
assets, ROA is return on assets.

2) Board independence: board independence (BI) is 
measured by the fraction of independent directors on the 
board. The higher the fraction means the stronger board 
independence.

3) Ownership concentration: we use the fraction of 
voting rights held by the top five shareholders to measure 
ownership concentration of listed SMEs (OC).

4) Control variables: we consider the following 
control variables to filter out their influences on 
performance of listed SMEs in China: financial leverage
(LEV) is measured by the ratio of total debt to total assets;
assets structure (AS) is the rat io of fixed  assets to total 
assets; firm size (FS) is measured by the natural logarithm 
of total assets; firm growth (GR) is measured by the 
growth rate of operating revenue; R&D intensity (R&D)
is the ratio  of R&D expenditure to total assets . What s
more, industry dummy variable (I) and year dummy 
variables (Y) are both controled.

The definitions of all the variables can be found 
shown in Table I.

TABLE I
DEFINITIONS OF VARIABLES

Variables Definitions

Tobin s Q
The ratio of market the sum of the market value of equity and the book value of total debt divided by the 
book value of total assets

ROA Return on assets
Board independence The fraction of independent directors on the board
Ownership concentration The fraction of voting rights held by the top five shareholders
Financial leverage Total debt-to-assets ratio
Assets structure The ratio of fixed assets to assets
firm size The natural logarithm of assets
firm growth The growth rate of operating revenue
R&D intensity The ratio of R&D expenditure to assets

C. Regression Model
There is high ownership concentration in listed 

SMEs in China. Since the controlling shareholders have 
an important impact on the board composition,
ownership concentration has direct impact  on the 
independence of independent directors . Thus, ownership
concentration has indirect impact on firm performance.
To examine the endogeneity of board independence in 
listed SMEs, we establish a linear regression equation 
like (1).
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If there is no evidence that the board independence 
and firm performance are endogenous. We will 
investigate how board independence impacts on 
performance of listed SMEs based on the perspective of 
exogeneity. Then we establish a linear regression 
equation like (2).
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Where PER is firm performance, which  can be 
meassured by Tobin s Q and ROA, respectively; BI is 
board independence, which refers to the proportion of 
independent directors account for board directors; CR5 is 
ownership concentration measured by the fraction of 
voting rights held by the top five shareholders; CV
represents control variab les, including finnacial leverage
(LEV), asset structure (AS), firm size (FS), firm growth
(GR), R&D intensity (R&D), respectively; I and Y
represent industry dummy variab les and year dummy 
variables, respectively; is regression coefficient and is 
error term.

If there is a significant evidence that board 
independence and firm performance are endogenous. We
will establish simultaneous equations based on (1) and 
(2), and investigate the relationship between board 
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independence and firm performance using three-stage 
least square method.

IV. EMPIRICAL RESULTS

A. Descriptive Statistics
Table II presents the descriptive statistics of the 

variables. The mean and standard deviation are 2.089 and 
1.331, respectively. Such a result confirms that there is a 
great difference between market perfo rmance of different 
listed SMEs, and the market performance of listed SMEs 
are overvalued to some extend. The mean and standard 
deviation of ROA are 0.061 and 0.064, respectively. It

indicates that there is a great difference between 
accounting performance of different listed SMEst. The 
mean of board independence comes up to 0.363, 
indicating that the proportion of independent directors is 
low and reach to the 1/3 base line required by CSRC. 
The maximum and mean of the proportion of the top five 
shareholders both reach as high as 0.819 and 0.507,
however, the min imum and standard deviation are only 
0.171 and 0.128, which shows that there is high 
ownership concentration in listed SMEs in China, and 
the most pervasive agency conflict in listed SMEs is
between controlling shareholders and minority 
shareholders.

TABLE II
DESCRIPTIVE STATISTICS

Variables N Min. Max. Mean S.D.
Q 1223 0.815 10.853 2.089 1.331

ROA 1223 -1.189 0.389 0.061 0.064
BI 1223 0.143 0.600 0.363 0.048

CR5 1223 0.171 0.819 0.507 0.128
LEV 1223 0.013 0.898 0.372 0.184
AS 1223 0.002 0.920 0.247 0.150
FS 1223 19.204 24.505 20.916 0.787
GR 1223 -0.941 58.803 0.342 2.125

R&D 1223 0.000 0.110 0.001 0.007
Where N is the number of observations; S.D. is sample standard deviation of variables. Q and ROA are Tobin s Q and return on assets; BI is board 
independence; CR5 is ownership concentration; LEV represents finnacial leverage; AS is asset structure; FS is firm size, GR is firm growth; R&D is 
R&D intensity.

Total debt-to-assets ratio o f the mean of 0.372,
illustrating the low financial leverage of listed SMEs in 
China. The maximum and minimum value of fixed 
assets-to-assets ratio are 0.920 and 0.002, respectively,
showing that there are significant d iffrence of the assets 
structures in listed SMEs. The maximum and min imum
value of firm size reaches 24.505 and 19.204, while the 
standard deviation is only 0.787. The result indicates that 
the sizes of listed SMEs are more or less similar. The 

mean and standard deviation of growth rate of operating
revenue are respectively 0.342 and 2.125, implying that 
there are great differences among the growth of listed 
SMEs in China. The maximum of R&D expenditure-to
-assets ratio is only 0.110, what s more, some SMEs 

-2010
at all. It shows that R&D expenditure of listed SMEs is 
relatively less.

TABLE III
PEARSON CORRELATION COEFFICIENTS

Q ROA BI CR5 LEV AS FS GR R&D
Q 1 0.310** 0.010 -0.198** -0.250** -0.061* -0.116** -0.024 0.036

ROA 1 -0.017 0.102** -0.375** -0.216** 0.016 -0.035 0.018
BI 1 0.098** -0.013 -0.024 0.017 0.053 0.041

CR5 1 -0.078** -0.170** 0.117** 0.020* 0.023
LEV 1 0.212** 0.440** 0.009 -0.020
AS 1 -0.020 -0.011 -0.051
FS 1 -0.006 0.028
GR 1 -0.009

R&D 1
Coefficients marked with *, ** are significant at 5% and 1%, respectively. Q and ROA are Tobin s Q and return on assets; BI is board independence; 
CR5 is ownership concentration; LEV represents finnacial leverage; AS is asset structure; FS is firm size, GR is firm growth; R&D is R&D intensity.
B. Correlation Analysis 

Table III shows the Pearson correlation coefficients 
among variables employed in our study. There is not 
siginificant relationship not only between board 
independence and Tobin s Q, but also between board 
independence and ROA. It means there may not be
correlation  between board independence and firm 
performance. Ownership concentration is positively 
related to Tobin s Q and negatively related to ROA,
which provides preliminary evidence for the correlation 
between ownership concentration and firm performance 
of listed SMEs. Ownership concentration is positively 
related to board independence, which means there may 
be correlation between ownership concentration and 
board independence. In addition, there are significant re-

lationships between most of control variables and 
Tobin s Q and ROA.
C. Endogeneity Test of Board Independence

In order to investigate the endogeneity of board 
independence in listed SMEs, based on the panel data of 
listed SMEs in the period 2004-2010, regression analysis 
of (1) is carried on as follows. The regression results are 
represented in Table IV. There is significantly positive 
relationship between board independence and ownership 
concentration, which implies that firms with higher 
ownership concentration have stronger board 
independence. Tobin s Q and ROA both have no 
significant impact on board independence. In addition,
there are no significant relat ionships between all control 
variables and board independence. The results indicate
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that the board independence and firm performance are 
not endogenous. As a consequent, this paper will 
investigate that how board independence impacts on
performance of listed SMEs based on the perspective of 
exogeneity. 

D. The In fluence of Board Independence on Performance
of Listed SMEs

To examine the influence of board independence on 
performance of listed SMEs in China, using Tobin s Q 
and ROA as market performance and accounting 
performance, based on the panel data of listed SMEs in 
the period 2004-2010, regression analysis of (2) is 
carried  on as follows. The results are shown Table IV. 
There are not significant relatioshipis between board 
Tobin s Q and board independence, which indicates that 
the increase of proportion of independent directors
cannot improve the market  performance of listed SMEs 
in China. What s more, the board independence has no 
significant impact on ROA, which menas that the 
increase of proportion of independent directors cannot 
improve the accounting performance of listed SMEs in 
China. There is also no significant relationship between 
the percentage of shares held by the top five shareholders 
and Tobin s Q, ROA, which implies that high ownership 
concentration of listed SMEs has no significant influence 

on firm performance. The regression coefficients of the 
cross-term of board independence and ownership 
concentration are both not significant, which further
verifies that board independence and ownership 
concentration both have no significant influence not only 
on market performance but also on accounting
performance of listed SMEs in China. 

Financial leverage has significantly negative 
influnce onTobin s Q and ROA, which means the 
decrease of debt ratio will improve both the market 
performance and accouting performance of listed SMEs 
in China. There is no statistically significant relat ionship 
between assets structure and Tobin s Q, while there is 
significantly negative relationship between ROA and 
assets structure, which means that higher fixed 
assets-to-assets ratio brings worse accounting 
performance. There is significantly negative relat ionship 
between firm size and Tobin s Q, while there is 
significantly positive relat ionship between firm size and 
ROA, which means larger firm size will improve the 
accounting performance but destroy the market 
performance of listed SMEs in  China. Firm growth and 
R&D intensity both have no significant influence on 
market performamnce and accounting performance of 
listed SMEs in China.

TABLE IV
REGRESSION RESULTS

BI ROA

(constants) 0.341***

(0.000)
0.338***

(0.000)
0.355***

(0.000)
6.525***

(0.000)
6.621***

(0.000)
6.512***

(0.000)
-0.237***

(0.000)
-0.236***

(0.000)
-0.234***

(0.000)

BI 1.968
(0.591)

1.951
(0.556)

-0.178
(0.543)

-0.180
(0.301)

0.003
(0.265)

0.001
(0.423)

ROA -0.025
(0.451)

-0.028
(0.259)

CR5
0.031***

(0.000)
0.036***

(0.000)
0.038***

(0.001)
-1.377
(0.511)

-1.365
(0.631)

-0.074
(0.457)

-0.077
(0.231)

BI CR5
-2.605
(0.649)

-2.623
(0.667)

0.237
(0.385)

0.242
(0.562)

LEV -0.001
(0.528)

-0.002
(0.453)

-0.002
(0.799)

-1.463***

(0.003)
-1.453***

(0.000)
-1.468***

(0.000)
-0.165***

(0.000)
-0.169***

(0.000)
-0.165***

(0.000)

AS -0.001
(0.714)

-0.001
(0.864)

-0.001
(0.919)

-0.167
(0.491)

-0.160
(0.475)

-0.156
(0.490)

-0.052***

(0.000)
-0.057***

(0.000)
-0.050***

(0.000)

FS 0.002
(0.309)

0.001
(0.435)

0.000
(0.946)

-0.188***

(0.001)
-0.198***

(0.000)
-0.185***

(0.000)
0.022***

(0.000)
0.025***

(0.000)
0.021***

(0.000)

GR 0.002**

(0.049)
0.001*

(0.058)
0.001*

(0.094)
0.013

(0.491)
0.016

(0.632)
0.011

(0.474)
-0.001
(0.127)

-0.001
(0.179)

-0.001
(0.364)

R&D 0.231
(0.423)

0.236
(0.325)

0.248
(0.212)

3.010
(0.552)

3.016
(0.543)

3.123
(0.576)

0.046
(0.849)

0.044
(0.653)

0.046
(0.253)

I NO NO NO YES YES YES NO NO NO
Y NO NO NO YES YES YES YES YES YES
F 45.150 49.150 42.150 48.572 48.865 48.572 45.079 46.521 45.364

Adjusted R2 0.315 0.319 0.303 0.384 0.389 0.384 0.388 0.390 0.389

Coefficients marked with *, **, ***are significant at 10%, 5% and 1%, respectively. Q and ROA are Tobin s Q and return on assets; BI is board 
independence; CR5 is ownership concentration; LEV represents finnacial leverage; AS is asset structure; FS is firm size, GR is firm growth; R&D is 
R&D intensity. I and Y are industry dummy variable and year dummy variable respectively.

V. CONCLUSIONS

High ownership concentration is a noticeable trait in 
listed SMEs in China. Ownership concentration can 
impact the independence of independent directors, and 
then can impact the firm performance indirectly. This 
paper investigates how the board independence impact 
on firm performance using a sample of listed firms on 
SMEs board in China during the period 2004-2010.

Endogeneity test indicates that Tobin s Q and ROA both 
have no significant relationship with board independence, 
which means that board independence and firm 
performance of listed SMEs are not endogenous. The 
regression results based on the perspective of exogeneity 
indicate that board independence has no significant 
influnece on both Tobin s Q and ROA, which implies that 
board independence has no significant influence on firm 
performance. There is significantly positive relationship 
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between ownership concentration and board 
independence, while there is no significant relat ionship 
betweeen ownership concentration and performance of 
listed SMEs in China. The results means that the 
ownership concentration has no impact on performance 
of Chinese listed SMEs.
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Abstract - In this paper, we establish evaluation index 
system of urbanization level, The three main factors and 
comprehensive factor score are obtained by factor analysis, 
we impot the BP neural network improved by the genetic 
algorithm. Urbanization level three variables prediction 
model and single variable prediction model are established 
respectively, Through the comparative analysis of different 
forecast models found that modified BP neural network 
three variables prediction model by genetic algorithm is 
superior to other prediction model in the aspect of nonlinear 
fitting capability and prediction precision, finally, we utilize 
the model to make a short-term prediction for the 
urbanization level of Tianjin.

Keywords - BP neural network, factor analysis, genetic 
algorithm, urbanization level

I. INTRODUCTION
As one of the core content of modern and marks, 

urbanization is an important part of the process of human 
social development [1], it is the objective requirement of 
the development of the modern market economy, and 
recognized as one of the most significant social and 
economic phenomenon in the 20th century widely. 
Research shows that urbanization is helpful to boost 
domestic demand and promote economic structural 
adjustment, improve the economic benefit, rat ional 
utilizat ion of resources, significantly  reduce the income 
gap between urban and rural areas [2] and stimulate 
economic growth [3]. But urbanization also brings a series 
of social problems and ecological environment problems
[2, 4], Such as the loss of the farmers on the land and the 
increase of carbon emissions [5] and air pollution is 
aggravated and so on [6]. Therefore, Scientific forecasting 
the future development of urbanization level has a strong 
practical significance to develop the urban development 
planning and urban construction planning [7].

Some scholars establish different kind of 
urbanization level forecast models on the basis of 
econometric theory, are mostly linear model [8, 9].
However, in the process of the urbanization level fo recast, 
nonlinear, time-varying and uncertainty widely exist [10], it 
is difficu lt to set up linear, determined functional relation, 
The linear model is difficu lt to grasp of nonlinear 
phenomena the urbanization level system, inevitably leads 
to the error of the prediction. Although some scholars did 
a lot of improvement in linear models, such as building 
phase linear model and parameter time -varying linear 
model, but the result is not ideal. So, the researchers begin 

to seek some nonlinear tools to establish the prediction 
model. The BP neural network possesses the advantages 
of parallel computing, d istributed informat ion storage, 
fault tolerant ability, adaptive learning function, etc [11]. It 
has superiority in dealing with nonlinear problem than 
econometrics, Compared with tradit ional methods, it 
describes the function relationship is more close to actual
[12, 13], the prediction accuracy is higher, the reliability is 
stronger [14]. So some scholars put forward  on the basis of 
BP neural network to establish urbanizat ion level 
prediction model [10, 15]. But as a result of the BP neural 
network t rain ing algorithm is the gradient descent method 
in essence, it is more complex to minimize the objective 
function, this leads to its two defects [16]: the learning 
process of slow convergence speed; easy to fall into local 
minimum point. In  order to overcome the above defects, 
some scholars proposed the improved optimization 
algorithm, improving train ing function [17] and simulated 
annealing method [18], and so on. Although the above 
methods also has certain feasibility, but always can't 
completely solve these defects. Therefore, this study 
attempts to adopt GA to optimize the BP neural network. 
Genetic algorithm has s trong adaptability and robustness, 
especially suitable for high dimension, mult ipolar point 
not differentiable, continuous or discrete space to global 
search optimization solution [19]. But the shortcoming of 
this algorithm is unable to accurately determine the 
position of the optimal solution nearby the optimal 
solution, the ability of its local search space of fine-tune is 
poorer, and the BP neural network for local search more 
effective. We can first use genetic algorithm to optimize, 
when the search gets narrow, we can use the BP neural 
network make an accurate solution. So, using genetic 
algorithm to optimize the BP neural network is the perfect 
tool to escape from local min imal value, and to accelerate 
the network convergence speed.

Therefore, in order to accurately predict the level of 
urbanization, this paper constructs the evaluation index 
system of urbanization level, The three main factors and 
comprehensive factor score are obtained by factor 
analysis, we impot the BP neural network improved by 
the genetic algorithm. Urbanization level three variables 
prediction model and single variab le pred iction model are 
established, respectively, through the comparative 
analysis of different forecast models to determine the 
optimal prediction model, and we make a short-term 
prediction for the urbanization level of Tianjin.
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II.GA-BP NEURAL NETWORK MODEL

BP neural network, at the beginning of the training 
will link weights and threshold and be initialized  a 
random number between [0, 1], this without optimization 
random in itializat ion can result in slow convergence 
speed, the search process is easy to fall into local optimal 
solution. Therefore, introducing GA to optimize the in itial 
weights and threshold of neural network can make the 
model has good astringency and exactness. Specific steps 
for:

Step1: Given population size as P ,
1 2( , , )T

pW W W W1 2( , ,1 2(( , ,,1 2 )T
p

is the initial population of 
randomly generated indiv iduals, due to the determination 
of in itial population has a great influence on the global 
optimization of GA, so using linear interpolation function 
to generate a real vector 1 2, pw w wpwp of individuals 

iW

1 1 2 1 2S RS S S S S1 1 2 1 2RS S S S S1 1 2 1 21 2 1        (1)

where R is the number of input layer neurons, 1S
is the number o f hidden layer neurons, 2S is the number 
of output layer neurons, every individual o f 
population 1 2( , , ) 1,i sW w w w i P1 2( , ,1 2(( 1 2( , ,1 2 ) 1,s P) 1,)
represents the BP neural network weights and thresholds.

Step2: Determine the evaluation function of the 
individual.

T an assign for the 
weights and threshold of BP neural network, input 
samples input the neural network, then, get a network 

output value
^

iy , the response value fitness and the 

average fitness value 
^
f are defined as follows:

1
2

1
( ) , ( 1,2, )

M

i j j
j

fitness y y i P)    (2)

1

P

i
i

fitness
f

P
            (3)

Where 
^

iy is the network output value, iy is the 

desired output, P is the population size.
Step3: Selecting operation; Calculate the fitness 

value of each individual,
Adaptation degree proportion method was applied to 

selection of chromosomes in each generation o f
population, the individuals of bigger fitness have higher 
probability inherit to the next generation.

Select the probability of each chromosome ip ,

1

, ( 1, 2, )i
i P

i
i

fp i P
f

)         (4)

Where 1i if fitnessfitnes11 , P is the population size.
Step4: Interlace operation. Because individual adopts 

real coding, the Cross artificial methods use real number 
crossing method. The Crossover operation of the K
gene kW and the L gene lW at j as follows:

(1 )
(1 )

kj kj lj

lj lj kj

w w b w b
w w b w b            (5)

Where b is the random number on the interval 
[0,1] .

Step5: Mutation operation. Select the i individual 
j gene to make mutation operation,

max

min

( ) ( ), 0.5
( ) ( ), 0.5

ij ij
ij

ij ij

w w w f g r
w

w w w f g r    (6)

2
max

( ) (1 )gf g r
G

            (7)

where max min,W W are the upper and lower bound of 

ijW , r is the random number on the interval [0,1] ,

2r is a random number , g is the current number of 

iterations, maxG is the biggest evolution algebra.
Step6: Insert the new individual in the population 

P , Calculate the new fitness function value of the 
individual.

Step7: If you don't find the optimal indiv idual, you 
should return to Step3, if you find the optimal individual, 
it should be decoded as the links weights and threshold of 
BP neural network, using the training data to train BP 
neural network.

III. THE CONSTRUCTION OF EVALUATION INDEX 
SYSTEM OF URBANIZATION LEVEL

Reference to previous research results [20, 21, 22],
following the pertinence, gradation and comprehensive, 
scalability, dynamic, the princip le of comparability, 
availability, etc. On the basis of several rounds of 
screening for a large number of statistical index, we put 
forward the framework of evaluation index system of 
urbanization level, which is comprised of the economic 
level of urbanization, population urbanizat ion level o f 
urbanization and regional landscape, lifestyle 
urbanization level, the state of the environment index of 
urbanization level 5 class, 15 secondary indexes and 17 
tertiary indicators. As shown in Table I:
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TABLE I
THE EVALUATION INDEX SYSTEM OF URBANIZATION LEVEL

Objective level Criterion layer Indicator layer 
Economic 

urbanization level
Economic 
strength

Per capita gross domestic 
product (yuan)

Industrial 
structure

The proportion of GDP the 
third industry %

Economic 
outgoing The total freight tons

Population 
urbanization level

Population 
structure

The third industry accounted 
for the proportion of total 

employment %

Population size

Density of population
People/km2)

Natural population growth 
rate %

The urbanization 
level of regional 

landscape

Urban ecology Green coverage ratio %

Traffic 
condition

Per capita public 
transportation vehicles

vehicle

Lifestyle 
urbanization level

Electric power 
supply

Annual per capita electricity 
consumption kw/h

Gas Supply
Annual per capita living 

with natural gas and fuel gas 
volume m3

Municipal water Water consumption per 
capita t

Cultural 
development

Per capita library collection
volume

Living 
condition Per capita housing area m2)

The state of the 
environment 

urbanization level

Environmental 
quality Ambient air quality rate %

Environment 
control

Treatment rate of domestic 
sewage %

Industrial solid waste 
comprehensive utilization 

rate %
Environmental

build
Town life sewage treatment 

rate %

IV. EMPIRICAL ANALYSIS

(1) The original data collection
When the sample is selected to build the prediction 

model, first, sample data to be in a relatively fixed 
environment; followed by, sample selection should cover 
the information of the system characteristics, and provide 
more comprehensive boundaries information to give the 
neural network. In this paper, taking Tianjin city as the 
case, we select its data of the level of urbanization 
evaluation from 1995 to 2011, these data are from the 
Statistical Yearbook of Tian jin, China City Statistical 
Yearbook.
(2) Data analysis and variable selection

When we use the three main factors to measure the 
level of u rbanizat ion in  Tian jin, it is difficu lt to intuitive 
comparison, so it need a level of urbanization to reflect a 
comprehensive index [23]. Therefore, this paper presents a 
comprehensive factor scores (see Table II in the fifth 
column), which can be used to measure the level o f 
urbanization in a given year. Its computation formula is:

31 2
1 2 3

1 2 3 1 2 3 1 2 3

F F F F
1

3 F1 2 F
2 3 1 2 3 1 2 3

1 2 3F1 F2 F3
3

3F3
1 2

1 2F1 F2
(8)

Where , 1,2,3i i,i 1,2,3 is the main factor variance 
contribution rate.

From this, we can use GA-BP Neural network 
prediction model of three-variable, based on the primary 
factor of urbanizat ion level in previous years data 
forecasts for future years the level of urbanization of 
factor scores.

2009~2011 Years of data on the three main factors 
enter into factory trained GA-BP Neural networks can be 
obtained 2013 Years of data on the three principal 
components of the urbanization level of predict ive values 
for, And then formula (8), You can get 2013 Annual 
comprehensive factor score of urbanization level o f 
Tianjin forecast data 1.5328.

TABLE II
THE MAIN FACTOR SCORE AND COMPREHENSIVE FACTOR 

SCORE
year F1 F2 F3 F
1995 -1.2172 -1.6745 -1.0169 -1.2897
1996 -0.9790 -1.5977 -0.7224 -1.0787
1997 -0.8624 -1.0363 -0.4814 -0.8568
1998 -0.6115 -0.9410 1.4106 -0.459
1999 -0.4414 -0.6645 1.6713 -0.2571
2000 -0.8589 1.0663 0.4503 -0.3189
2001 -0.6495 0.9982 1.6069 -0.0635
2002 -0.7327 1.4636 0.5046 -0.1446
2003 -0.6100 1.1557 -0.1366 -0.194
2004 -0.1976 0.7801 -1.0941 -0.0936
2005 0.0134 0.8939 -1.1679 0.0663
2006 0.3428 0.6778 -0.6855 0.2998
2007 0.7323 0.3163 -1.3734 0.4169
2008 1.1451 -0.0279 -0.6656 0.7056
2009 1.4325 -0.4644 0.5755 0.9477
2010 1.6503 -0.4927 0.7156 1.1062
2011 1.8437 -0.4528 0.4090 1.2134

V. CONCLUSIONS

First, compared to the classic BP neural network 
forecast model, based on genetic algorithm optimized BP 
neural network forecasting model of urbanization level of 
prediction, to accelerate model convergence, improve 
forecast accuracy.

Second, compared with single neural network 
prediction model of neural network pred iction model o f 
three variab les although there are some disadvantages in 
convergence, its nonlinear fitting more powerful. 
Forecasts are more accurate.

Third, genetic algorithm to improve BP neural 
network prediction model of three variables can converge 
at a fast pace, and its most powerful nonlinear fitting, 
precision high nonlinear relationship in the process of 
urbanization can be predicted accurately describe them.
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Abstract - This paper examined the closeness of the 
incidence between the grain output and the four grain 
financial direct subsidies 
and the four subsidies through the grey incidence analysis 
method. The empirical results showed that the grain direct 
subsidies, the subsidies for growing superior grain 
cultivators and the general subsidies for agricultural 
production supplies among the four subsidies had strong 
incidence with the total grain output and the per capita 
agricultural income, while the subsidies for purchasing 
agricultural machinery and tools had weak incidence. We 
also analyzed possible reasons for the weak incidence of the 
subsidies for purchasing agricultural machinery and tools 
and provided suggestions to increase its incidence.  

Keywords - Degree of grey incidence, decision analysis,
effect of the subsidies, grain financial direct subsidies 

I. INTRODUCTION 

 The grain financial direct subsidies have been the 
focus of the Chinese agricultural subsidies policy,
consisting of four subsidies: (1) the grain  direct subsidies ,
(2) the subsidies for growing superior grain  cult ivators, (3) 
the subsidies for purchasing agricultural machinery and 
tools and (4) the general subsidies for agricultural 
production supplies for the purpose to guarantee the grain 
security and increase the farmers  income. It is important 
to evaluate how well the subsidies have worked and 
whether it s necessary to adjust the structure ever since 
the grain financial direct subsidies  were granted in 2004. 
The existing research has been focused main ly on the 
grain output (the production increment) [1]-[2], the farmers
income (the income increase) [3]-[4] or the combination of 
both (the production increment and the income increase)
[5]-[6] which led  to many valuable suggestions and 
comments on the policy  structure and the system
construction [7]-[9]. However, few quantitative studies have 
been conducted in China on the degree of incidence of the 
grain output and the farmers  income with the grain 
financial d irect subsidies . In fact, a  search of the China 
National Knowledge Infrastructure (CNKI) showed that 
only two relevant studies [10]-[11] have been published till 
the end of June, 2014. In this paper, based on the statistic 
data from the China Rural Statistical Yearbook-2013  [12]

and other yearbooks, we applied  the grey incidence 
analysis method to investigate the closeness of the 
incidence between the grain output and the four grain 
financial direct subsidies  
income and the four subsidies. The purpose is to identify 

weaknesses for further improvement so as to optimize the 
structure of the grain  financial direct subsidies and realize 
the policy goals. 

II. THE GREY INCIDENCE ANALYSIS MODELLING 

 The grey incidence analysis method in the grey
system theory focuses on small samples and poor 
informat ion. It allows valuable information to be 
extracted from the mining of some known informat ion.
Thus, it is suitable for policy evaluation, particularly for 
the early stage of policy implementations. This method 
will cater for the situation where the grain financial direct 
subsidies in China were only implemented for a short time 
and large scale panel data have not been accumulated. 
Next  we briefly describe the steps of grey incidence 
analysis [13]: 
 The first step is to determine the parent sequence X0(k)
and the subsequence Xi(k), and compute in itial images of 
all sequences, i.e. have dimensionless method on the 
primary data. Let X’i=Xi / xi(1)=(x’i(1), x’i(2), x’i(n)),
i=0, 1, 2, , m. 
 The second step is to compute difference sequences . 
Set i(k)=| x’0(k)-x’i(k) |, i=( i(1), i(2), i(n)), i=1,
2 m. 
 The third step is to compute the difference between the 
two extremes. Set 

ki
M maxmax i(k), 

ki
m minmin i(k).

 The fourth step is to compute the incidence 

coefficients.
Mk

Mmk
i

i )(
)(0 , (0, 1), k=1, 2 n;

i=1, 2 m. 
 The fifth step is to compute the degree of grey 

incidence. )(1
1

00 k
n

n

k
ii , i=1, 2 m. 

 Generally, the degree of grey incidence can be 
grouped into three categories  [14]-[15]: 0~0.35 means weak
incidence, 0.35~0.7 means moderate incidence, while 
0.7~1 means strong incidence. 

III. THE DATA SOURCE OF THE TOTAL GRAIN 
OUTPUT, THE PER CAPITA AGRICULTURAL 

INCOME AND THE GRAIN FINANCIAL DIRECT 
SUBSIDIES 

 Because the 2014 versions of some yearbooks (such as 
-2014

Finance Yearbook of China (2014))
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published as of the end of June, 2014, all of the yearbooks 
used in this paper are actually  the 2013 versions with all 
of the data involved subject to the information as of the 
end of 2012. The relevant data of the total grain output 
(TGO (ten thousand tons)), the per capita agricultural 
income (PCAI (yuan)), the grain direct subsidies  (GDS 
(billion yuan)), the subsidies for growing superior grain 
cultivators (SGSGC (billion yuan)), the subsidies for 
purchasing agricultural machinery and tools  (SPAMT 
(billion yuan)), the general subsidies for agricultural 
production supplies  (GSAPS (b illion yuan)) and the total 
amount of the four subsidies (TAFS (billion yuan))
covered in the grain financial direct subsidies   during 
2004~2012 are shown in Table I. 

TABLE I 
THE RELEVANT DATA OF THE TOTAL GRAIN OUTPUT , THE 

PER CAPITA AGRICULTURAL INCOME AND THE GRAIN
FINANCIAL DIRECT SUBSIDIES 

Year TGO PCAI GDS SGSGC SPAMT GSAPS TAFS

2004 46947 1056.5 116 28.5 0.7 null 145.2

2005 48402 1097.7 132 38.7 3 null 173.7

2006 49804 1159.6 142 41.5 6 120 309.5

2007 50160 1303.8 151 66.6 20 276 513.6

2008 52871 1427.0 151 123.4 40 716 1030.4

2009 53082 1497.9 151 198.5 130 795 1274.5

2010 54648 1723.5 151 204 154.9 716 1225.9

2011 57121 1896.7 151 220 175 860 1406

2012 58958 2106.8 151 199 215 1078 1643
Data source: data of the total grain output  (TGO) has been obtained 

agricultural income (PCAI) obtained from the processing and calculation 

(2005~2013). As to the total amount of the four subsidies (TAFS) during 
2004~2006, it  has been processed and calculated according to the 

~2007) 
with the total amount of the four subsidies (TAFS) during 2007~2012 

data of the four subsidies (GDS, SGSGC, SPAMT, GSAPS) have been 
obtained through the selection, processing and calculation of the relevant 

news over the years. 

IV. THE DEGREE OF GREY INCIDENCE ANALYSIS 
FOR THE TOTAL GRAIN OUTPUT & THE PER 
CAPITA AGRICULTURAL INCOME AND THE 

GRAIN FINANCIAL DIRECT SUBSIDIES 

 Taking the total grain output as an instance, we 
consider the total grain output (X1) as the parent sequence 
(the reference sequence) for the grey incidence analysis 
with the four subsidies covered in the grain financial 
direct subsidies acting as the subsequence (the 
comparative sequence), which  includes the grain direct 
subsidies (X2), the subsidies for growing superior grain 
cultivators (X3), the subsidies for purchasing agricultural 
machinery and tools (X4) and the general subsidies for 

agricultural production supplies (X5) fo r the grey 
incidence analysis. 
 Since the general subsidies for agricu ltural supplies 
were not granted until 2006, there was no data related to 
this index in Tab le I from 2004 to 2005 to make the 
acquired incidence data featured with no comparab ility 
with the other data. Hence, our analysis was based on the 
relevant data from 2006 to 2012. According to Table I, we 
could find that  
 The total grain  output: X1=(x1(1), x1(2), x1(3), x1(4), 
x1(5), x1(6), x1(7))=(49804, 50160, 52871, 53082, 54648,
57121, 58958);  
 The grain  direct subsidies: X2=(x2(1), x2(2), x2(3), 
x2(4), x2(5), x2(6), x2(7))=(142, 151, 151, 151, 151, 151,
151);
 The subsidies for growing superior g rain  cultivators:
X3=(x3(1), x3(2), x3(3), x3(4), x3(5), x3(6), x3(7))=(41.5,
66.6, 123.4, 198.5, 204, 220, 199);
 The subsidies for purchasing agricultural machinery 
and tools: X4=(x4(1), x4(2), x4(3), x4(4), x4(5), x4(6),
x4(7))=(6, 20, 40, 130, 154.9, 175, 215);  
 The general subsidies for agricultural production 
supplies: X5=(x5(1), x5(2), x5(3), x5(4), x5(5), x5(6), 
x5(7))=(120, 276, 716, 795, 716, 860, 1078).

A. Compute initial images 
 By X’i=Xi / xi(1)=(x’i(1), x’i(2), x’i(3), x’i(4), x’i(5), 
x’i(6), x’i(7)), i=1, 2, 3, 4, 5, we can get  

X’1=(1, 1.0071, 1.0616, 1.0658, 1.0973, 1.1469,
1.1838); X’2=(1, 1.0634, 1.0634, 1.0634, 1.0634, 1.0634,
1.0634); X’3=(1, 1.6048, 2.9735, 4.7831, 4.9157, 5.3012,
4.7952); X’4=(1, 3.3333, 6.6667, 21.6667, 25.8167,
29.1667, 35.8333); X’5=(1, 2.3000, 5.9667, 6.6250,
5.9667, 7.1667, 8.9833). 

B. Compute difference sequences 
 By i(k)=| x’1(k)-x’i(k) |, i=1, 2, 3, 4, 5, we can get  

2=(0, 0.0562, 0.0018, 0.0024, 0.0339, 0.0835,
0.1204); 3=(0, 0.5977, 1.9119, 3.7173, 3.8184, 4.1543,
3.6114); 4=(0, 2.3262, 5.6051, 20.6008, 24.7194,
28.0198, 34.6495); 5=(0, 1.2929, 4.9051, 5.5592, 4.8694,
6.0198, 7.7995).  

C. Compute the difference between the two extremes 

ki
M maxmax i(k)=34.6495;

ki
m minmin i(k)=0. 

D. Compute the incidence coefficients 
 If we set =0.5, we can get  

32475.17)(
32475.17

)(
)(1 kMk

Mmk
ii

i , i=2, 3, 4, 5,

k=1, 2, 3, 4, 5, 6, 7, and then 
r12(1)=1, r12(2)=0.9968, r12(3)=0.9999, r12(4)=0.9999,

r12(5)=0.9980, r12(6)=0.9952, r12(7)=0.9931;
r13(1)=1, r13(2)=0.9667, r13(3)=0.9006, r13(4)=0.8233,

r13(5)=0.8194, r13(6)=0.8066, r13(7)=0.8275;
r14(1)=1, r14(2)=0.8816, r14(3)=0.7556, r14(4)=0.4568,

r14(5)=0.4121, r14(6)=0.3821, r14(7)=0.3333;
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r15(1)=1, r15(2)=0.9306, r15(3)=0.7793, r15(4)=0.7571,
r15(5)=0.7806, r15(6)=0.7421, r15(7)=0.6896. 

E. Compute the degrees of grey incidence 

)(
7
1 7

1
1212 k

k
=0.9976; )(

7
1 7

1
1313 k

k
=0.8777;  

)(
7
1 7

1
1414 k

k
=0.6031; )(

7
1 7

1
1515 k

k
=0.8113.  

F. Results Analysis 
 The grain direct subsidies  have the greatest incidence 
with the total grain output, which  has been less related 
with the subsidies for growing superior grain cult ivators 
and the general subsidies for agricultural production 
supplies with the subsidies for purchasing agricultural 
machinery and tools having the least incidence.
 Similarly, take the per capita agricultural income  as 
the parent sequence with the grain direct subsidies , the 
subsidies for growing superior grain cult ivators, the 
subsidies for purchasing agricultural machinery and tools 
and the general subsidies for agricultural production 
supplies acting as the subsequence. After making the 
calculation according to the above-mentioned steps, we 
shall obtain the degrees of grey incidence, which are  
0.9820, 0.8879, 0.6035, and 0.8184, respectively. In this 
way, we could find out that the grain direct subsidies  have 
the highest incidence with the per capita agricultural 
income, which has been less related to the subsidies for 
growing superior grain cultivators and the general 
subsidies for agricultural production supplies with the 
subsidies for purchasing agricultural machinery and tools 
having the weakest incidence. 
 According to the empirical results, among the four 
subsidies covered in the grain financial d irect subsidies, 
three of them (i.e., the grain direct subsidies, the subsidies 
for growing superior grain cultivators and the general 
subsidies for agricultural production supplies) are strongly 
correlated to the total grain output and the per capita 
agricultural income, which at the same time are 
moderately correlated to one of the four subsidies (i.e., the 
subsidies for purchasing agricultural machinery and tools). 
These findings illustrate that in general, positive effects 
have been achieved through the grain financial direct 
subsidies from the perspective of grey incidence analysis. 
 In China, the grain direct subsidies guarantee the 
grain  income from the perspective of the p rices 
of the output products, and the general subsidies for 
agricultural p roduction supplies guarantee it from the 
angle of the prices of the input products, which both 
belong to the comprehensive income subsidies; and the 
subsidies for growing superior grain cu ltivators improve 
the grain competitiveness from the perspective of the 
quality of the grain, and the subsidies for purchasing 
agricultural machinery and tools improve it from the 
angle of the grain production efficiency, which both 
belong to the production special subsidies. The empirical 
results reveal that among the comprehensive income 
subsidies, both the grain direct subsidies  and the general 

subsidies for agricultural production supplies have 
contributed not only to the realization of the d irect target 
(the increase in the farmer s income), but also to the 
achievement of the indirect goals (the guarantee of the 
grain security). Among the production special subsidies,
both the direct targets (the guarantee of the grain  security) 
and the indirect goals (the increase in the farmer s income) 
have been realized through the subsidies for growing 
superior grain cult ivators. However, it doesn t work very 
well in the realization of the goals through the subsidies 
for purchasing agricultural machinery and tools. 

V. POLICY SUGGESTIONS 

 The reason that there s weak incidence separately 
between the subsidies for purchasing agricultural 
machinery and tools and the total grain  output & the per 
capita agricultural income is mainly because that:  
 The farmers haven t had a good cognition on this 
subsidy policy, which is not a general preferential policy 
with a long time lag. Meanwhile the subsidies haven t
been featured with large scale and there s no guarantee on 
the fund for the management of the subsidies. Also the 
personnel in the farm machinery management department 
haven t been characterized with good service awareness 
and some of the subsidized agricu ltural machinery and 
tools haven t performed very well with weak adaptability 
to make it hard to balance the fairness and efficiency of 
the subsidy policy. In addit ion to these, together-
conspired bidding is an outstanding problem during the 
public ceremony for wagging numbers and lotting,
making it hard to supervise the prices of the subsidized 
agricultural machinery and tools. Meanwhile it s very 
hard to conduct the acceptance on such subsidized 
agricultural machinery and tools with unsatisfactory 
technical services and poor after-sales service having been 
provided. 
 In order to increase the degree of incidence of the 
subsidies for purchasing agricultural machinery and tools 
with the total g rain output and the per capita agricultural 
income, we would like to suggest the following measures 
to be taken: (1) From the perspective of the policy 
environment. Strengthen the propaganda about the 
subsidy policies to guarantee the farmers  rights to know,
to select and to supervise. Meanwhile improve the 
relevant policies and regulations to maintain the 
continuity of the policies in  addition to the exploration on 
the diversified investment mechanis m such as the 
introduction of private capital to work out and improve 
the credit policies and insurance policies for the purchase 
of agricultural machinery and tools so as to develop a 
subsidy method for the simultaneous development of 
revenue and finance. (2) From the perspective of the 
policy implementation. Increase the financial subsidies by 
working out different subsidy standards according to the 
specific conditions to increase the variety of the 
subsidized agricultural machinery and tools. Then during 
the budget presentation, make sure to allocate appropriate 
funds for the management work done by the 
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administrative staff. The government should organize  
public b iddings, publishing the bid-winning  enterprises
and the prices of the agricultural machinery and tools in 
addition to the severe punishment of those enterprises that 
have violated the regulations. For those farmers who have 
applied for the subsidies for the acquisition of agricultural 
machinery and tools, they should purchase the agricultural 
machinery and tools first and then apply for the subsidies 
to solve the problem of bidd ing collusion. Also it s
necessary to improve the mechanis m to handle the 
complaints on the biddings. (3) From the perspective of 
the agricultural mechanization development. Improve the 
planning for the mechanization development of the 
agriculture and strengthen the R&D of the new 
agricultural machinery and tools and the new technologies 
to optimize further the equipment structure of the 
agricultural machinery. Meanwhile it s necessary to 
demonstrate and popularize the new agricultural 
machinery and tools to guarantee the safety, applicability 
and reliability in addition to the improvement of quality 
of the after-sales service and the establishment of the 
scrapping and recalling system for the agricultural 
machinery and tools. Also make sure to increase the skill 
training for the operators of the new agricultural 
machinery and tools to enhance the production efficiency
of the agricu ltural machinery  and tools in addition to the 
promotion of the moderate-scale management on the 
lands to develop agricultural machinery cooperation for 
the purpose to bring the agricultural mechanizat ion into 
full play. 
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Abstract - Open innovation has emerged as the main 
innovation mode in the era of knowledge-driven economy.
However, existing research pays little attention to the precise 
classification of international and local knowledge search,
and ignores their joint impact on innovation performance.
This study examines how international knowledge search 
and local knowledge search independently and jointly help 
enhance 
economy. A survey of 219 firms indicates that international
knowledge search and local knowledge search are positively 
related to innovation performance. Specifically, local and 
international knowledge search interact to positively predict 
innovation performance. Theoretical and managerial 
implications are discussed.

Keywords - External knowledge search, international 
knowledge search, innovation performance, local knowledge 
search 

I. INTRODUCTION 

With the increase of technology change speed and 
competitive intensity, innovation has evolved as a vital 
development strategy for firms to survive in the world 
market. Through introducing new products, firms can 
meet customer s need and sustain market shares [1].
However, innovation is a kind of costly and risky activ ity, 
which challenges the firm s resource stock and external 
knowledge search capability [1] [2] [3].

Existing academic studies have found that external 

vital fo r success in innovation [4] [5]. Chesbrough [6] puts 
forward the concept of open innovation to describe the 
importance of knowledge search outside the firm 
boundary, such as introducing advanced technology, and 
recruit ing employees in the world market. The central 
idea is that open search for new knowledge helps a firm 
access external sources of knowledge, overcome the risk 
of blind spots and avoid unexpected changes in the market 
and technology [6] [7] . Using a large-scale sample of 
industrial firms, Laursen and Salter [2] find that searching 
widely and deeply is curvilinearly (taking an inverted U-
shape) related to innovation performance. Based on 
Chinese sample , Chen et al. [8] discover the same result. In 
spite of the large body of evidence documenting the 
influence of external knowledge search on innovation 
outcomes, most of previous studies have focused their 
attention just outside the firm boundary, without a precise 
classification on the outside sources of knowledge. In fact, 
external knowledge search can be classified in terms of 
scope: international knowledge search and local 
knowledge search [9]. Both search strategy sometimes 

interact with each other. Therefore, existing research does 
not uncover the outside knowledge sources and explore 
the independent and joint effect of international 
knowledge search and local knowledge search on firms
innovation.  

To address these research gaps, this article examines 
how international knowledge search and local knowledge 
search independently and jointly are related to innovation 
performance of Chinese manufacturing firms . We argue 
that entering into international market can  help firms 
obtain novel resources and learning opportunity which 
finally will promote innovation, searching locally provide 
firms with cost and speed advantage. Most importantly, 
both knowledge searching source complement each other 
in predicting better product innovation. This research 
contributes to existing open innovation literature by 
classifying the knowledge source and examin ing the 
interacting effect of both external knowledge source. The 
research result can help guild the external knowledge 
search and improve innovation performance. 

II. THEORY AND HYPOTHESES 
Although researchers in open innovation field do not 

make a precise classification on external knowledge 
source, research in knowledge search gives  some insight. 
Scholars have identified two main external search 
strategies: local search and boundary-spanning search.
Local search refers to immediate refinement and 

, 
searching for solutions in a  current geographic and
technological vicinity [10]. Boundary-spanning search 
involves searching for solutions beyond the 
neighbourhood, which allows firms to access more 
technological opportunities and acquire new technologies 
that are not available  through local search, emphasizing 
experimental and d istant innovation [11] [12]. In this study, 
we refer local knowledge search to search for new 

 boundaries, refer 
international knowledge search to search internationally 
for new knowledge. 

A. International Knowledge Search and Innovation 
Performance 
Research in international business has found that 

entering into international markets can provide firms in 
emerging countries with a lot of valuable innovation 
resources [13] [14] [15]. Especially with the rise of faster and 
cheaper communicat ion technologies and integration of 
global markets, innovative knowledge is becoming more 
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globally dispersed and firms are increasingly willing to 
operate globally. Through foreign network partners, firms 
in emerging countries take advantage of key  sources of 
innovation knowledge from around the world  to launch 
their products more quickly [16]. Kafouros et al. [17] argue 
that firms can establish cooperation ties with foreign 
suppliers, competitors, customers and intermediaries to 
enter into international knowledge source. Zahra et al. [14]

empirically  discover that foreign  cooperation ties enhance 
the depth, scope and speed of technology learning. 
Kafouros and Forsans [18] argue that knowledge sourced 
internationally is novel and sophisticated, and can greatly 

knowledge pool. Accordingly, we propose: 
Hypothesis 1: International knowledge search has a 

positive relationship with innovation performance. 

B. Local Knowledge Search and Innovation 
Performance 
Although international knowledge search has been 

emphasized  as an important way  to enhance innovation 
performance, there is an alternative, less-exp lored 
perspective that highlights the role of local network 
partners. In fact, firms tend to search locally, because of 
the greater ease and lower cost. In  their study of small 
Argentine firms, Mesquita and Lazzarini [19] find that 
collaboration with local suppliers, competitors, and 
customers creates collective efficiencies that help firms 
overcome internal infrastructure limitations , obtain 
complementary resources, and cospecialize their 
resources and competencies to create cost-based 
competitive advantages and faster product innovation. 
Zhang and Li [20] demonstrate that ties with local service 
intermediaries broaden the scope of firm s external 
innovation search and reducing their search cost , which 
finally enhance innovation performance. Patel et al. [21]

argue that local knowledge search create a kind of 
geographic proximity based advantage, enhancing 
innovation performance resulting from the increased 
access to knowledge via spillovers . As innovation is an 
interactive process and the exchange of tacit information 
is favored by face-to-face contact, local network 
collaboration can be vital for technology-based firms  [22].
Accordingly, we propose:  

Hypothesis 2: Local knowledge search has a positive 
relationship with innovation performance. 

C. The Joint Impact of International and Local 
Knowledge Search on Innovation Performance 
International knowledge search and local knowledge 

search complement each other in contributing to better 
innovation performance. On the one hand, international 
knowledge search can help firms avoid  the competence 
trap resulting from local knowledge search. Although 
local knowledge search can provide firms with cost and 
speed advantage in product innovation, such knowledge 
search is restricted to the local sources  [12]. Excessive 
emphasis on local knowledge search can result in 
competence trap and core rig idities. International 

knowledge search can provide firms with diverse and 
novel knowledge, unavailable  in domestic market, which 
helps a firm recognize the importance of new foreign 
technology and consider how can be combined to improve 

n performance [12]. On the other hand, 
local knowledge search decreases the uncertainty of 
international knowledge search. Compared to local 
knowledge search, firms searching internationally face a 
lot of risk and uncertainty because of the different 
institutional contexts , unknown knowledge source and 
unexpected outcome [23]. These problems raise serious 
challenges for firms rely ing on international search. Local 
search can alleviate these problems by encouraging firms 
to rapidly internalize the knowledge it gains from 
international sources and adapt it to local customer need. 
Accordingly, we propose:  

Hypothesis 3: International and local knowledge 
search interact to promote innovation performance.  

III. METHODOLOGY 

A. Sample and Data Collection 
Our data was obtained from questionnaires sent to 

manufacturing firms main ly in Shanghai, Beijing, 
Zhejiang, Hubei, Jiangsu province, China. We chose 

largest emerg ing economy and possesses an 
unprecedented development pace. In order to survive and 
succeed in this rapidly  changing market, Chinese 
manufacturing firms are under great pressure to search out 
locally and internationally  to acquire advanced 
technologies and new ideas [8] [24]. Therefore, intense 
competition, open innovation culture and international 
orientation all make Chinese manufacturing firms  
particularly suitable for studying the relationship   
between local and international knowledge search and 
innovation. We selected the top managers from each of 
the sampled firms as the key  informant because they can 
provide more reliable and valid  data. Fo llowing various 
efforts, including both formal and informal contacts with 
the selected firms, we received 219 valid  questionnaires, 
with a response rate of 41.71%. Such a h igh response rate 
reflects our extensive use of local social networks. Among 
the responding firms, 29.68% were in the electronic 
informat ion, 20.55% in special equipment manufacturing, 
12.33% in transportation equipment manufacturing, 11.42
percent in ordinary machinery manufacturing, 9.13% in 
metal product, and 16.89% classified as others (e.g., 
textile and clothing).  

Following the approach recommended by Podsakoff 
et al. [25] and Chang et al. [26], we use -factor 
test to check for the presence of common method variance. 
We subjected all the key measures to a factor analysis and 
then determined the number of factors accounting for the 
variance in the measures. The results of the tests indicate 
no single factor accounted for a majority of the variance, 
which showed no sign of a common method bias. 
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B. Measures 
1) Dependent variable 
Innovation performance (IP) is the dependent 

variable. We referred to the understanding and 
measurement items of Chen et  al. [8] and Zhang and Li [20]

and used six items to measure innovation performance.
We asked them to rate the extent to which their firms
were successful relative to their major competitors in 
terms of: number of new products; the ratio of new 
products sales to total sales; the speed of new product 
development; the success ratio; the number of patent 
applications; and the novelty of new product.  

2) Independent variables 
International knowledge search (IKS) and local 

knowledge search (LKS) are the independent variables. 
On the basis of work  by Laursen and Salter [2] and Chen 
et al. [8] to measure international and local knowledge 
search, we asked the respondents to indicate the extent to 
which their firms had  close relationships with 
international or local (1) customers, (2) competitors, (3) 
suppliers, (4) universities, and (5) innovation intermediary, 
such as talent search firms, law firms, technology service 
firms, and so on. International knowledge search was 
quantified by combining data on five international sources 
of knowledge or information used in product innovation; 
local knowledge search was quantified by combining data 
on five local sources of knowledge or informat ion used in 
product innovation.  

3) Controls 
We controlled for the following variables. First, we 

use the natural log of the number of fu ll-time employees 
to measure firm size  (FS). Second, we use the number of 
years since the firm was founded to measure firm age 
(FA). Third, a dummy variab le was created for state 

ownership (SO), taking the value 1 if the firm was 
controlled by state capital, and zero otherwise. Fourth,
R&D intensity (R&D) is measured as R&D expenditures 
as a percentage of sales (R&D/sales). Finally, we 
introduce five industry dummy to control the industry 
effect.  

IV. EMPIRICAL RESULTS 

A. Assessment of the Measures 
Table I presents the means, standard deviations, and 

correlations among the variables examined in the study. 
International knowledge search (r=0.436, p<0.01) and 
local knowledge search (r=0.377, p<0.01) are positively 
correlated with innovation performance. International 
knowledge search is positively correlated with local 
knowledge search (r=0.163, p<0.05).  

TABLE I 
DESCRIPTIVE STATISTICS AND PEARSON CORRELATIONS 

Mean SD 1 2 3 4 5 6 7
1.FS 7.56 1.40 1
2.FA 15.54 9.16 .405** 1
3.R&D 0.05 0.02 .003 .030 1
4.SO 0.36 0.48 -.018 -.046 -.026 1
5. IKS 3.99 1.37 .151* .026 .250** -.064 1
6.LKS 4.60 1.06 .147* -.060 .236** .045 .163* 1
7.IP 3.98 1.66 .211** .015 .365** -.027 .436** .377** 1

**p<0.01; *p<0.05 (two-tailed test).  

B. Reliability and Validity of the Constructs 
We assessed the reliability of the mult i-item 

international knowledge search is 0.964, and for local 
knowledge search is 0.921, and for innovation 
performance is 0.985, which indicate a good reliab ility 
(see Table II).

TABLE II 
MEASUREMENT SCALES AND PROPERTIES 

Constructs/Measurement items Standardized loadings AVE
International knowledge search

0.846 0.964

1.Establishing friendly cooperation relationship with foreign customers 0.898
2.Monitoring daily operation and innovative behavior of foreign competitors actively 0.893
3.Establishing healthy cooperation ties with foreign suppliers or vendors 0.914
4. Establishing tight cooperation ties with foreign university and research institutions 0.905
5. Establishing tight cooperation ties with foreign innovation intermediary 0.985
Local knowledge search

0.700 0.921
1.Establishing friendly cooperation relationship with local customers 0.848
2.Monitoring daily operation and innovative behavior of local competitors actively 0.828
3.Establishing healthy cooperation ties with local suppliers or vendors 0.850
4. Establishing tight cooperation ties with local university and research institutions 0.818
5. Establishing tight cooperation ties with local innovation intermediary 0.840
Innovation performance

0.916 0.985

1.The number of new products 0.954
2.The ratio of new products sales to total sales 0.961
3.The speed of new product development 0.949
4.The success ratio 0.955
5.The number of patent applications 0.968
6.The novelty of new product 0.956

All standardized coefficient loadings are significant at p<0.001. 
AVE = Average variance extracted for each multi-item construct in the research model. 

We conducted a confirmatory factor analysis to 
assess the convergent and discriminant validity of the 
multi-item constructs. Our three-factor confirmatory 
factor analysis model fits the data well, with all indices 
meet ing th 2 2/df = 

1.914, NNFI = 0.973, comparat ive fit index (CFI) = 0.980,  
incremental fit index (IFI) = 0.980, root mean square 
error of approximat ion (RMSEA) = 0.065). All items 
loaded significantly on their corresponding latent 
construct, thereby providing evidence of good convergent 
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validity, as shown in Table II. The results also support the 
discriminant validity of international knowledge search, 
local knowledge search and innovation performance, as 
the AVE of each construct was far greater than the 
corresponding inter-construct squared correlations. 

C. Multiple Regression Analysis 
Table III presents the results of the hierarchical 

multip le regression models. Model 1 only included 
controls. Model 2 added the main effects of international 
knowledge search. Model 3 added the main effects of 
local knowledge search. Model 4 added both main  effects 
of international knowledge search and local knowledge 
search. Model 5 added the interaction term of 
international knowledge search and local knowledge 
search in model 4. To reduce the potential problem of 
multicolinearity, international knowledge search and local 
knowledge search were mean-centered prior to the
creation of interaction terms [27]. All the Max VIF 
(variance in flat ion factor) is far less than 10, which 
indicate multicollinearity is not a problem in our study. 

TABLE III 
RESULTS OF STANDARDIZED REGRESSION ANALYSIS 

Model 1 Model 2 Model 3 Model 4 Model 5
Ind 1 0.036 0.019 0.009 -0.004 -0.004
Ind 2 0.083 0.048 0.027 -0.001 -0.036
Ind 3 -0.055 -0.046 -0.095 -0.083 -0.090
Ind 4 0.083 0.061 0.029 0.014 -0.021
Ind 5 0.068 0.057 0.020 0.014 -0.006

FS 0.253*** 0.196** 0.192** 0.144* 0.114
FA -0.106 -0.082 -0.074 -0.055 -0.081

R&D 0.382*** 0.297*** 0.316*** 0.242*** 0.150*

SO -0.015 0.004 -0.030 -0.010 0.021
IKS 0.329*** 0.310*** 0.292***

LKS 0.273*** 0.249*** 0.180**

IKS×LKS 0.278***

R2 0.202 0.299 0.266 0.352 0.405
F 5.892*** 8.883*** 7.538*** 10.218*** 11.673***

Max VIF 2.250 2.253 2.261 2.263 2.263
*** p<0.001; ** p<0.01; * p< <0.1 (two-tailed test). 

Hypothesis 1 proposes that international knowledge 
search is positively related to innovation performance.
The results in Model 2 suggest that international 
knowledge search is positive and significant (b=0.329,
p<0.001). Hypothesis 1 is supported. Hypothesis 2
proposes that local knowledge search is positively related 
to innovation performance. The results in Model 3
suggest that local knowledge search is positive and 
significant (b=0.273, p<0.001). Hypothesis 2 is supported.
The results in model 4 also proves that international 
knowledge search (b=0.310, p<0.001) and local 
knowledge search (b=0.249, p<0.001) are positively 
related to innovation performance. Hypothesis 1 and 
hypothesis 2 are supported again.

Hypothesis 3 proposes that international knowledge 
search and local knowledge search interact to promote 
innovation performance. The results in Model 5 suggest 
that the interaction term is positive and significant (b= 
0.278, p<0.001). Hypothesis 3 is supported.

V. DISCUSSION AND CONCLUSION 

A. Main Findings 
The importance of external knowledge search has 

been demonstrated in a lot  of theoretical and empirical 
studies on open innovation [2] [6]. However, existing 
research doesn t make a precise classification on external 
knowledge search and ignores to examine the 
independent and joint effect of each external knowledge 
search. In v iew of this, this study examined the 
relationships between international knowledge search, 
local knowledge search and their innovation performance.

With data on a sample of manufacturing firms in 
China, we found that international knowledge search and 
local knowledge search have significant positive 
relationships with firms  innovation performance. This 
finding is consistent with open innovation studies of 
Laursen and Salter [2] and Chen et al. [8]. However, this 
study deepens existing studies and finds that firms can not 
only search locally, but also search in the international 
market.  

We also found that international and local 
knowledge search interact to promote innovation 
performance. This result suggests that international 
knowledge search and local knowledge search can 
strengthen each other. This finding enriches the open 
innovation theory and emphasizes  the need to search both 
locally and internationally.  

B. Theoretical and Practical Implications 
The main contribution of this study is to further 

uncover the mechanism of open innovation. Existing 
research just proves that firms need to open, and search 
outside the firm boundary, but ignores to answer the 
question that whether search at local or international 
market [2] [8]. This study fills the research gap and 
discovers that international knowledge search and local 
knowledge search interact to promote innovation 
performance.  

The findings of this study offer some important  
implications for managers and policy makers. Managers 
need to carefully consider local and international 
knowledge search sources so that they can maximize  the 
innovation benefits while min imizing the search costs and 
risks. For policy makers, they should enact some 
encouraging policies to push local firms  to search in  the 
international market. 

C. Limitations and Future Research Directions 
This study has some limitations that need to be 

addressed in future studies . On the one hand, we just 
obtain one-year data, and can not prove the casual 
relationships between local and international knowledge 
search and innovation performance. Future research can 
use panel data to justify the relationship. On the other 
hand, we just consider the interactive item of both 
knowledge search, ignore to examine the contextual 
conditions. Future research can deepen in this aspect.   
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1 Abstract - From the perspective of high-tech
industry development in Shandong province, this paper
firstly identifies the influencing factors of high-tech
industry development in Shandong province. Then those
factors and the process of development in 16 years
(1997-2012) are analyzed by clustering analysis using the
data from the statistical yearbook. Moreover, this paper
creates a model to predict the trend of high-tech

development in Shandong province by partial
least squares (PLS) regression. After the analysis of
regression coefficient by clustering analysis, importance
of each factor is gained, and based on the result we can
forecast the tendency of high-tech industry development
in Shandong province in the future. Ultimately, the
research results can be the decision basis to promote the
development of high-tech industry in Shandong province
rapidly.

Keywords - High-tech industry, influencing factors,
partial least squares regression, Shandong province

I. INTRODUCTION
Shandong province is located in the eastern coast

of China and on the lower Yellow River with rich
resources and large population. It is one of the richest
economic provinces in China. Recently, the economic
growth of Shandong province is rapid and stable. In
2013, above scale high-tech industry output value was

3,958,274,000,000 which 14.72% more than that in
2012, and made up 30.23% of above scale industrial
output value. There are 3,067 enterprises in Shandong
province which 1.7 times more than that in 2012. In the
same year, Shandong province was rated as one of the
three most comprehensive competitive provinces in
China.

Compared with the trad itional manufacturing
industry, high-tech industry has many features, such as
high R&D input, high return, high risk, high
permeability, high accelerat ion and low energy
consumption, less pollution and other distinctive
features. The strong driving power of high-tech
industry has become an important force in regional
economic growth and social development. The
development of high-tech industry does not comply
with the mode of the traditional
development, and it can boost the industry
competitiveness significantly. At present high-tech
industry is still growing up rap idly, and now it has
become the focus of worldwide competit ive
competence. The development of h igh-tech industry in
Shandong province with prominent features main ly
                                                                 
1 The paper supported by NSFC: 71272121

reflected in the pharmaceutical manufacturing industry,
electronic and communicat ion equipment
manufacturing industry. For the past few years,
domestic and foreign scholars on the distribution of
high-tech industry, growth, innovation ability, contact
of traditional industries, human resources, influencing
factors and evaluation methods carried out extensive
research. Those researches obtained many encouraging
results [1-7]. However, most researches focus on
high-tech industry in a nation but a province. Now the
lack of comprehensively quantitative study on large
data for influencing factors of high-tech
development in Shandong province will be paid more
attention.

High-tech development is a systematic
engineering. In recent 10 years, such as Guangdong,
Jiangsu, Shanghai and other domestic developed
provinces high-tech industry developed rapidly.
Especially, high-tech industry scale in the Pearl River
Delta, the Yangtze River Delta and the Beijing-Tianjin
region are already very large. Therefore, the significant
advantage of competitiveness of high-tech industry in
those areas brings great pressure to high-tech industry
development in Shandong province. The study [8]

claimed that the scale of high-tech industry in China is
already the third in the world, but the profitability of
high-tech industry declined, so did high-tech industry
in Shandong province. So, those problems are great
challenges to high-tech industry in Shandong province.
Then here comes some questions: How to develop
high-tech industry in Shandong province significantly?
What are the influencing factors of high-tech
development in Shandong province? How important is
the contribution of each influencing factor to high-tech
industry of Shandong province? Analyzing those
problems needs a systematic quantitative analysis, so
that we can clarify the causal relationship between
them and know their importance. To research those
problems may help promote high-tech industry, even
economic, development in Shandong province
significantly.

Based on the above analysis, this paper adopts the
partial least square regression to create a model
predicting the tendency of high-tech industry
development in Shandong province. According to the
data for 16 years (2002-2013) from statistical yearbook
of high-tech industry, we work out the importance of
each factor, and find out some main factors affecting
most. The research may provide the reference for the
formulat ion of high-tech industry development
strategy in Shandong Province.
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II. ANALYSIS OF INFLUENCING FACTORS OF
HIGH-TECH DEVELOPMENT IN

SHANDONG PROVINCE

Regional economy, science and technology funds,
fixed assets, human resources, enterprise system,
enterprise scale, the scale of higher education, export
ability and so on may possibly affect the development
of high-tech industry. Outstanding regional economy,
sufficient R&D funds and professional employees, lots
of enterprises and reasonable regulations may promote
the healthy development of high-tech industry. For
instance, the eastern coastal area of Shandong province
is a developed region of economy with abundant
resources. On the contrary, economy of the central and
western area is backward and weak. In 2012, the total
output value of high-tech industry in Qingdao is

3,977,000,000 and the expenditure of basic research
cost 952,780,000. However, the total output value of
Heze which located in the western of Shandong
province is only 2,863,000,000 and the expenditure
of basic research cost 4,590,000. The development
of regional economy needs scientific research
coinciding with development of h igh-tech industry.
Consequently, with a high level of scientific researches
the development of high-tech industry will feel just like
a fish in water.

Based on the information of management, R&D,
related activit ies and fixed asset investment in
high-tech industry statistical yearbook. This paper
selects eight indexes to be the influencing factors of
high-tech industry s development in Shandong
province or quantitative analysis. The factors which
need qualitative analysis, such as policy and regime,

be considered in this paper.

III. THE DEVELOPMENT TREND OF
HIGH-TECH INDUSTRY IN SHANDONG

PROVINCE PREDICTION MODEL

A. The Variable Selection and Index Explanation
According to the analysis of high-tech

development in Shandong province, the following
indexes are eventually chose to be the variables of
empirical analysis in the development trend of
high-tech industry in Shandong province prediction
models.

Y1 revenue; Y2 main business income; X1 the
quantity of Enterprises; X2 internal R&D expenditure;
X3 R&D full-time; X4 The quantity of patent; X5

The new fixed assets; X6 The quantity of college 
students; X7 Terminal energy consumption; X8 The 
average quantity of annual employee 

B. Create the Partial Least Squares Regression 
Prediction Model [9]

The partial least squares regression (PLS)
combines the multip le linear regressions (MLR), the
principal component analysis (PCA) and the canonical

correlation analysis comprehensively so that it may
solve the data distortion problem caused by variable
multip le correlation. A lso, it can determine the
importance of each influence factor accurately. For
example, if the quantity of dependent variable is 1, we
would create the model by extracting the principle
component t and add the restriction that the principle
component of X should relate to Y.

C. The Standardization ofData
We define F0 as the standardize variable of the

dependent variable:
*

0
Y

Y yF Y
s

                (1)

y is the average value of Y. sY is Y standard
deviation. And we define E0 as the standard matrix of
the independent variable set:

, 1,2, , ; 1,2, ,ij j
ij

j

X X
E X i n j m

s
1 2n j m, ; 1,2, ,;;; (2)

jX is the average value of the number J
independent variable, and sj is the standard deviation of
the number J independent variable.

D. The Main Effective Components Extraction
We extract the principal component t1 from E0.

t1=E0w1, w1 =1. We define w1 as the first principal
axis of E0. Then we work out the regression equation of
F0 and t1:

0 1 1 1
TF t r F                (3)

The Regression coefficient vector is
0 1

1 2
1

TF tr
t

                  (4)

F1 is the residual matrix of the regression equation.
Next we test the effectiveness of the cross. If the result
of the testament is effective ( 0975.02

1Q ), the
calculation will be continued. If the result is
non-effective, we will extract one component t1. In the
same way, we will gain h principal components by h
iterative computations, and the regression equation is

0 1 1 2 2 h h hF t r t r t r Fh ht rh hht rh hhh       (5)
The equation (5) is the model which we create by

the partial least squares regression. Finally, we gain the
regression equation by replacing F0 and E0j with Y* and
X*:

* * * *
1 1 2 2 m mY X X X *

m mX       (6)

IV. ANALYSIS OF THE TENDENCY OF
HIGH-TECH DEVELOPMENT IN

SHANDONG PROVINCE

This paper selects 16 years statistical data from
statistical yearbook of high-tech industry and

statistical yearbook (2002-2013) [10, 11] for
research and adopts the software called DPS [12] to
analyze.
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A. Correlation Analysis
First of all, standardize the raw data for simple

correlation analysis. Then gain the correlation
coefficient matrix between the variables (TABLE I).

TABLE I
CORRELATION COEFFICIENT MATRIX BETWEEN THE VARIABLES

X1 X2 X3 X4 X5 X6 X7 X8 Y1 Y2

X1 1 0.8481 0.7586 0.8070 0.7758 0.9647 0.9561 0.9659 0.8236 0.8880
X2 0.8481 1 0.9827 0.9892 0.9803 0.8601 0.9313 0.9547 0.9890 0.9906
X3 0.7586 0.9827 1 0.9866 0.9840 0.7717 0.8601 0.8960 0.9829 0.9667
X4 0.8070 0.9892 0.9866 1 0.9803 0.8227 0.9037 0.9280 0.9934 0.9846
X5 0.7758 0.9803 0.9840 0.9803 1 0.7837 0.8704 0.9070 0.9825 0.9633
X6 0.9647 0.8601 0.7717 0.8227 0.7837 1 0.9662 0.9538 0.8184 0.8832
X7 0.9561 0.9313 0.8601 0.9037 0.8704 0.9662 1 0.9853 0.9077 0.9522
X8 0.9659 0.9547 0.8960 0.9280 0.9070 0.9538 0.9853 1 0.9370 0.9732
Y1 0.8236 0.9890 0.9829 0.9934 0.9825 0.8184 0.9077 0.9370 1 0.9897
Y2 0.8880 0.9906 0.9667 0.9846 0.9633 0.8832 0.9522 0.9732 0.9897 1

From TABLE I, we can recognize that the
correlation coefficient between Y1 revenue and Y2 main
business income is 0.9897 so that they will p lay the
same role in the analysis. Therefore, this paper chooses
Y1 revenue to be the dependent variable Y. The
correlations between variables are very h igh. Every
independent variable may explain the dependent
variable efficiently.

B. Clustering Analysis
This paper let be the ordinate and

be the abscissa for clustering
analysis (Fig.1). If we div ide 16 years into 5 parts, we
would find that (1) the years in 1997-2001 Just during
the five-year period in China is the first
part; (2) the years in 2002-2004 during the
five-year period is the second part; (3) 2005-2007
years during the former part o f the five-year

period is the fourth part; (4) 2008-2010 years
during the latter part of the five-year
period is the fourth part; (5) the last part is the years
between 2011 and 2012 just during the former part of
the five-year period. This classification
reflects that high-tech development in
Shandong province is growing frequently and stably.

more, the rank of developing speed is

If switch the coordinate, the result showed on
Fig.2 is gained. Then we divide the influencing factors
into 5 parts: (1) the quantity of enterprise, college
students, patents, new assets; (2) the quantity of R&D
employees; (3) the cost of energy; (4) R&D spending;
(5) the annualaverage quantity of employees.

C. Regression Analysis
After standardizing the original data, we get the

result of regression. The clustering analyzed result of
regression coefficient is showed on the Fig.3. All kinds
of error sum of squares and Press statistic
when we extract different principle components are
showed in TABLE II. Through the data analysis, R2

(coefficient of determination) from different models
may show that when extract the 5 princip le components,
the regression fitting degree are high and the
error sum of squares is on the decline.

Fig.1. Annual systematic Clustering figure

Fig.2. The systematic clustering figure of influencing factors 

Fig.3. The systematic clustering figure of regression coefficient  
TABLE II

THE RESULT OF THE STANDARD REGRESSION
COEFFICIENT

Principal
components 1 2 3 4 5

Error sum of
squares 0.7696 0.1712 0.0947 0.0767 0.0726

Press statistic 1.1145 0.2139 0.1747 0.2778 0.3362
Determination
coefficient R2 0.9487 0.9886 0.9937 0.9949 0.9952

However, the independent variable X6 (college
students) weight is negative so that it cannot explain
the dependent variable. Therefore this paper determine
one principle component (correlat ion coefficient is
positive, and the cumulative contribution rate is 91%).
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Ult imately, the standardized regression equation of
high-tech development in Shandong
province and the regression equation (7) and (8) of
ordinary variables are created:

Y*=0.1124X*
1+0.135X*

2+0.1342X*
3+0.1356X*4+0.1341

X*
5+0.135X*

6+0.1239X*
7+0.1279X*

8    (7)
Y=-141.64+0.0506X1+0.0001X2+0.0044X3+0.0222X4+0

.2206X5+0.0506X6+0.004X7+0.0002X8      (8)

V. CONCLUSIONS AND RECOMMENDATIONS

A. Conclusions
As shown by TABLE II, the minimum R2

(coefficient of determination) value of PLS model is
0.9487. It means that the fitting degrees of regression
models are h igh. So results of analysis are proved to be
credible. The rank of the regression coefficient values
are X4> X2> X3> X5> X8> X7> X1> X6. According to the
result of clustering analysis, we obtain 5 parts: part 1
(X4 and X2), part 2 (X3 and X5), part 3 (X8), part 4 (X7),
part 5 (X1 and X6). Therefore, th is paper offers four
important influencing factors for the development of
high-tech industry in Shandong province: (1) The most
important factors are the quantity of patents and
internal R&D spending; (2) The secondary important
factors are R&D full-t ime equivalent of personnel and
new fixed assets; (3) The tert iary important factors are
terminal energy consumption and the annual average
quantity of employees; (4) The last important factors
are the quantity of enterprises and college students.

Consequently, the trend of high-tech
development in Shandong province is healthy, stable
and rapid.

B. Some Recommendations
The analysis suggests that the government should

give full play to its functions and enterprises should
play a great role in innovations. Strengthen the
university-industry cooperation. Perfect the reward
system of patent application and encourage the whole
society to participate in the invention; Attract the
capital, technological talents and increase the
investment; Adjust the university personnel training
mode and appropriately control the scale of enrollment;

pursuit the quantity of high-tech enterprise;
Continue to develop the energy-saving and low
consumption industries. Based on those suggestions,
eventually implement the rapid, stable and sustainable
development of high-tech industry in Shandong
province.
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Abstract - Engineering projects' quality control has 
always been of great concern. How to get better effect of 
engineering quality is worth to be discussed. Firstly, the 
rational behavior of the owner and the supervisor is 
analyzed.  Then  based on the two parties of owner and 
supervisor, the complete information static game model is 
build up in engineering quality supervision. At last by 
solving the model we have the mixed strategy Nash 
equilibrium point. Based on the mixed strategy Nash 
equilibrium, we analyze the rational behavior of the owner 
and the supervisor, and provide some suggestions of quality 
control to the owner.

Keywords - Engineering supervision, game theory, Nash 
equilibrium, quality management 

I. INTRODUCTION 

Articles which use game theory to analyze the 
effectiveness of the quality management are not few. In
2000, Fei-lian  ZHANG, Meng-jun WANG, Ji-zu ZHOU,
Hao-jun YU [1] established a game model which is about 
project quality control between the supervisor and the 
builder, and proposed penalty coefficient concept and 
provided some suggestions. Yi CHEN [2] analyzed the 
behavior of prosecutors and builders by using the game 
approach to obtain the thresholds about inspection 
probability and illegal probability. Later Fei-lian  ZHANG 
et al [3], Gao-ming ZHU et al [4], Peng CHEN et al [5], Ping-
hui TU [6], Zhi-fang HUANG et al [7] have d iscussed the 
effective supervision and control mechanis m with the 
game theory between the supervisor and the builder. 
Kong-ling LIU [8], Huang XI et al [9] used game theory to 
analyze the decision-making behavior of the owner, the 
supervisor and the contractor. Zhong-ke ZHOU [10] used 
the game theory to analyze the safety countermeasures 
tripartite behavior of China's coal mine. 

In the framework of the game analysis , these essays 
under different assumptions, constructed different revenue 
function, and explained the actual status of quality control 
by using the results of the analysis, and made useful 
suggestions about improving the quality management. But 
the analysis background information is too much to ignore 
the practical problems. There are some flaws that the 
results of the analysis have owned. 

Disagreement of quality object ives between the 
owner and supervisor revolves in interest [11]. Owners 
concern about engineering s quality and products, and do
not care about the supervisor s cost and profits. The 
supervision unit concern about cost and profit. The self-
profit maximization is both parties

Owners want to ensure the quality of the pro ject. Th is is 
not only depended on the correct contractor, but also 
depended on the owner's agent--the superintendent. 
Therefore, this paper will do some game analysis about 
the interactive decision-making behavior between the 
owner and the supervisor, and hope to provide some 
suggestion to improve the actual quality control effect. 

Based on the existing research literature, we will 
analyze the game behavior between the supervisor and the 
owner. With the actual situation of the management, we 
will bu ild  new revenue function of both sides using new 
function variables. 

II. GAME ANALYSIS  

Game theory is the mathematical study of strategic 
interactions among the participants [12]. Here we use the 
static game model of complete information to  analyze 
interactive decision between owner and supervisor. 

A. Construction of the game model  
Some explanations: 
A static game (G) has n participants, each 

participant's strategic space, such as ,

respectively, each player s gain is , the 
game's strategic formula is denoted by [13]. 

. 
1) Participants, : in our game model, there are 

two participants: one is the owner, and the other is 
supervision unit. 

2) The

The supervisor s strategic space: 

In order to facilitate analysis in mind, we marked:  

3) Assuming that the parties did not know each 
other's actions before making decisions, both sides
behavior can be considered simultaneously, so our model 
is complete information static game. 

4) Two sides revenue function 
To analyze the revenue function of both sides, here 

we have some of the following assumptions: 
1) When supervisor do not  fulfill their duty, he still 

need a minimum cost , the cost amount showed with ;
When supervisor do their duty, they pay even more, the 
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cost is showed as , here , it indicates the 
efforts degree of supervisor. 

2) When owner have no inspection, he hasn t any 
pay, so his cost is considered 0; while owner do some 
checks, his cost is . 

3) If supervision unit do their duty, owner will have 
more income by reducing the life cycle cost of the pro ject 
etc., and this amount represented as . In order to praise 
the supervisor s endeavor, the owner will give a bonus to 
supervisor, the reward amount expressed as 

. 
4) If supervision unit don t do his duty, a  lot  of 

quality problems will occur. In this case we assume that if 
the owner does check, he will surely find out the problem. 
The defect will bring some losses to the owner in later,
the losses marked as . Owner will punish supervision, 
the fine amount is denoted: ,  is 
called punishment factor. Here, ,
otherwise  check is meaningless. 

B. establish payoff matrix 
Through above analysis, we can draw the owner and 

supervisor s payoff matrix, as shown in Table I. 
TABLE I 

PAY OFF MATRIX OF OWNER AND SUPERVISOR 

Supervisor Owner
Random check No random check

Do duty

Not do 
duty

C. solving the game model  
The core of the model is the Nash equilibrium 

problem. 
1) Pure strategy equilibrium 
Because there are only two  parties in this model, and 

the less number of strategic space, so we can  use a simple 
dash method for solving this model. 

As a rational "economic man", when the owner 
choose random inspection, supervisor will preferred the 
strategy which is fu lfilling his duty, because only by 
doing so he will have more earnings. 

Similarly, owners get their available choices. All 
those choices are underlined appear in Table II. 

TABLE II
PAY OFF DASH RESULTS MATRIX OF OWNER AND 

SUPERVISOR  
Supervisor

Owner
random check No random check

On duty

Not on 
duty

From the table, we do not have a pure strategy 
equilibrium of the model. But Nash (1950) proved the 
mixed strategy Na s existence of any finite 
strategic game [14]. Here we go solving mixed strategy 
equilibrium of the game model. 

2) The mixed strategy Nash equilibrium 

The owners and supervisor s mixed strategy marked 
separately as , that
means s random inspection 

 is marked as , and the probability of no random 

inspection  is . Similarly, we set the parameter 
about supervisor. Now we have the result about a two-
dimensional discrete joint distribution as follows: 

TABLE III
JOINT PROBABILITY DISTRIBUTIONS 

S1I
S2J

S21 S22

S11

S12

We use Table III and Table I to obtain 
expected revenue function: 

(1) 
Similarly, we have the supervisor revenue s

expectation: 

(2) 

Because we assume that all participants are rat ional 
"economic man", then the problem is to solve the 
following simultaneous optimization problem: 

 (3) 
By solving the simultaneous equations , we get the 

owner s mixed strategy equilibrium: 

           (4) 
and we have s s mixed strategy equilibrium 

        (5)

III. MEANINGS of the MODEL RESULTS

A. From owner’s mixed strategy equilibrium, we can have 
some results: 

1) When , in order to get 

the revenue maximizat ion, the owner will not have checks; 
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is 
not fulfilling their duty. 

2) When , in order to 

gain the revenue maximizat ion, the owner will take 
random strategy; then the supervisor will fulfill their duty. 

3) When , the owners 

will have same earning whether he takes checking 
strategy or not, so the owner will have a random action. 

B. Supervisor’s mixed strategy equilibrium solution shows: 

1) When , in o rder to 

have maximum benefits, supervisor does not fulfill his 
duty, and then the optimal behavior o f the owner is 
random check. 

2) When , in order to 

have maximum benefits, supervisor will do his duty, then 
the optimal behavior of the owners is not random check. 

3) When , whether 

supervisor is dutiful or not, there is no impact on his 
earnings, so he will have a random action. 

Through the above analysis we can see that when 
party A tend to an action for increasing revenue, then 
party B will take self-serving actions, thereby reducing 

mixed strategy equilibrium. Rational people would choose 
an action to pay a min imum cost while the income keeps 
constant. So we think the owner will choose not 
inspection action with the probability ( ), and the 
supervision will choose not fulfilling his duty with 
probability . 

IV. SUGGESTIONS  

1) From the owner s equilibrium we find that the 
probability of owner s not check has a positive correlation 
with the supervisor s endeavor, which is consistent with 
common sense; and the probability of owner s not check 
has a negative correlat ion with the supervisor s fines. This 
indicates that the owner may curb supervisor s adverse 
behavior through positive incentives and negative 
punishment.  

2) From the equilibrium we see the probability of 
supervisor s not fulfilling duty is negatively correlated 
with the amount of the reward. So owners may guide the 
supervisor to fulfilling duty with positive incentive 
mechanis m, and then reducing the probability of adverse 
action. 

More and more attention has been paid to the project 
management [15] [16], we hope our work will be useful to 
the practical project quality management. 
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Abstract - Recent years, government is actively 

promoting innovation in technology defense industry by 
breaking the closed system and introducing the market 
competition mechanism, hoping to make full use of the 
whole social resources and improve weaponry and 
equipment production capacity. To seek for survival and 
development, aviation manufacturing enterprises need to 
adjust to the new environment. In-depth study of the 
characteristics of the military market and the 
establishment of an effective marketing system are 
required to vigorously develop the military market and 
improve the efficiency of enterprise itself. 

Keywords - Aviation manufacturing enterprises, 
military market, marketing strategy 

I. PREFACE 
Since the reform, with the deepening of the 

market economy as well as changes in the new era of 
military strategy, China's national defense equipment 
construction has undergone profound changes [1-3]. 
The military market overall situation changes 
dramatically: mandatory planning is no longer the 
procurement while contract is; private enterprises 
actively participate in the market competition while 
state-owned monopoly disappeared. Corresponding 
with the above changes are implement procedures in 
terms of competition, evaluation, supervision, 
incentive and restraint mechanisms have become more 
standardized and rational [4]. 

With the National Development No. 37 
promulgating, military aviation manufacturing 
enterprises are facing survival problems in the more 
intense competition market [5, 6]. To win the market 
share and grasp the opportunity of rapid development, 
aviation manufacturing enterprises must change the 
mechanism, the ideas, the methods and strategies of 
military market as soon as possible to adapt to the 
rapidly changing domestic military market. 

II. CHARACTERISTICS OF THE DOMESTIC 
MILITARY MARKET AND ITS IMPACT ON 

MARKETING 

A. Characteristics of the domestic military market 
The military is a special commodity, with 

attributes of public goods, which invisibly affects the 
entire public utility, regardless of whether individuals 
willing to spend [7]. In China, military procurement is 
implemented by army which is commissioned by the 
government. Military market follows not only laws of 

commodity markets but also the regular patterns in 
non-perfectly competitive market. 

Military is a special products in non-competitive 
market [8-10]. Take the military aircraft as an example. 
First, military identifies its user —army —and clearly 
defines whether the user is the Air Force, Navy or 
Ground Force. Second, the seller is also identified. In 
current layout of the aviation industry, the 
phenomenon of airlines fixed production and 
monopoly is obvious in military market. Third, the 
market is in the lack of entry mechanism because of 
the planned economy background for many years, 
especially in the military R&D and manufacturing 
market. In addition, since weapons and equipment 
require full life-cycle services, military enterprises exit 
barriers are high. 

B. Impact on the marketing activities 
1) Government is in a dominant position 

As the buyer is the government, national will and 
interests guide the military markets. According to the 
National macroeconomic conditions, the 
macro-environment, financial ability, international 
economic and political environment, military strategy 
and economic development strategies, the government 
makes the plan of weapons and equipment 
development or recent demand as the guidance of the 
military market [11]. Generally, unlike a perfectly 
competitive market participants, aviation 
manufacturing military enterprises are in the state of 
"passive" marketing. They rarely guide consumer 
demand or develop new markets.  
2) Trading with Long-term stability 

In the military market, the number of sellers is 
also extremely limited and relatively fixed. This 
makes the traders trade in a closed circle. Long-term 
stability of the transaction has two sides. On one hand, 
it helps sellers to maintain relationships with military 
customers. On the other hand, it is not conducive to 
technological innovation and cost savings. 
3) Military customers with specific consumption 
characteristics 

Because the military is a special products in 
non-competitive market, marketing tools such as 
flexible market pricing, advertising, promotions and 
etc. as well as the classic 4P (product, price, place, 
promotion) marketing mixing strategy do not apply to 
the military market. In contrast, military sales is 
influenced by product quality, reliability, delivery and 
support service. In this case, the military's marketing 
chain is shorter than general commodity which has 
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basically neither intermediate links nor initiative on 
product pricing strategy.  

III. PROBLEMS IN MILITARY AVIATION 
MANUFACTURING ENTERPRISE MARKETING 

MANAGEMENT 

With the military market becoming increasingly 
competitive, problems of aviation military enterprises 
marketing strategy under the existing planning system 
have been expose to the air, which restricting the 
development of enterprises. The main problems are 
reflected in: 

A. Lack of modern marketing philosophy 
Under the planned economy, most of the 

enterprises did specific work according to the 
government plan. The trading activity cannot be 
counted as marketing in the modern sense. With 
having stepped in the market economy era, weapons 
and equipment procurement becomes increasingly 
market-oriented. However, many military aviation 
military enterprises still stuck in the idea of 
"Marketing is equal to sell". The ideas of daily 
operations should meet the army’s needs and the 
consciousness of user-oriented marketing are missing. 
Instead, they pay lots of attention on "delivery" 
regardless of the cost. Besides, they hold the opinion 
of “marketing is the mission of marketing department”, 
which results in each department simply views 
marketing issues from their own perspective. 

B. Marketing management system is imperfect 
Currently, the widespread problem of aviation 

military enterprises is that the marketing management 
system is not perfect. First, there is no full-time 
military marketing department. A number of military 
companies anchored marketing department in other 
functional department. What is worse, many 
companies still do not have a dedicated marketing 
department. Second, the marketing function is not 
perfect: no market research, planning, developing 
capabilities. Relatively simple way of selling, 
inadequate marketing resources investment, weak 
integration of sales network, inefficient incentive 
mechanism and etc. make it difficult to improve 
marketing 

C. Military marketing strategic and planning is not 
clear 

Due to the influence of the planned economy 
way of thinking, some aviation military enterprises 
never analyze the market in professional methods or 
propose a specific marketing strategy. Besides, there is 
no complete annual marketing plan to guide sales and 
marketing promotion. The only marketing activity is 
to call or visit the army relative office, asking their 
annul plan and then set out a few marketing goals in a 
small-grouped discussion. But actually, the annual 
marketing plan should include the construction and 

maintenance of military marketing, the military 
customer relationship management, marketing 
planning activities, market demand demonstration, 
new product development and etc. There’s a lot to do. 

D. Military marketing institutional mechanisms is 
unsound 

First, there are too many levels from business 
leaders to marketing manager. Second, both the 
business processes and the departmental 
responsibilities are vague. Thirdly, evaluation and 
incentive mechanisms are imperfect. Finally and the 
most importantly, integration and process flow of 
market information is not well identified. Not only the 
internal collaboration is not emphasized as it should 
be, but also the point of how important the mutual 
information sharing is not fully understand. Basically, 
all departments operate independently. Therefore, the 
market sector misses a lot of information. Even the 
market information within the department is often 
twisted or distorted. 

E. The sense of initiative competition in procurement 
is weak  

At first, implementation of the procurement of 
weapons and equipment is under the control of 
mandatory procurement plan, which any competition 
between businesses and enterprises does not exist. 
After the reforms, mandatory plans supply relationship 
had gradually changed to contract ordering 
relationship. Open tender and inviting bidding have 
been introduced to military procurement. However, 
this competitive procurement methods are mostly used 
in general military supplies, not in weapons and 
equipment purchases due to the impact of the defense 
industry fixed layout, which resulting in military 
enterprises ignorance of studies on aviation military 
market demand to create market opportunities. 
Recently, the competition among aviation military 
enterprises rarely reflected in the aviation models or 
products, but more reflected in the competition for 
limited military spending. In other words, companies, 
which have a thorough study on military needs and 
take the initiative to guide and to meet military needs 
at the same time, will get greater benefits on military 
assignment. 

IV. SUGGESTION ON MARKETING STRATEGY 
FOR AVIATION MILITARY ENTERPRISES 

National Development No. 37 has been 
promulgated and implemented, which has a significant 
impact on all military enterprises, including aviation 
military manufacturing enterprises. On the basis, this 
part of the paper is mainly talking about what kind of 
military aviation business marketing strategy should 
be developed and how to develop it. We will talk 
about the issue from two different aspects. 
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A. Overall marketing Capacity 
To meet the requirements of market, enterprises 

should focus on the "big marketing" concept to make 
up for the lack of capacity in some areas in the past so 
as to enhance their overall marketing capabilities. The 
following aspects should be taken into consideration. 
1) Strengthen the capacity of research and 
demonstration on military demands  

To develop military industries requires the ability 
to find what the customer needs. To meet the needs of 
army, we must strengthen the military market research 
functions first as well as improve the military market 
research system to realize the goal of grasping market 
opportunities, guiding the market demands, promoting 
the formation of military products. Second, 
outsourcing or uniting the related research institutions 
(or universities) could be taken into the pattern to 
carry out feasibility studies. For instant, enterprises 
may strengthen the cooperation with relevant 
institutions or universities, taking use of their 
influence to communication with the army in a better 
way. Finally, on the basis of the full study on military 
demands, military products marketing strategies 
should be developed and the market public relations 
measures should be carried out, especially with 
government and army. The ultimate goal is to strive to 
make the enterprises military development plan taken 
into the army’s long-term development plan, to ensure 
the sustainable development of military operations. 
2) Broaden the financing channels and enhance the 
military's cost competitiveness 

Aviation military enterprises can take advantage 
of the nation promoting the reform of military 
investment environment, setting up new company with 
external specialized companies, social capital to 
undertake non-core business. What’s more, enterprises 
should strengthen the impact and control on the 
upstream and downstream industry chain through the 
establishment of supplier entry standards system in 
order to improve engineering outsourcing ability and 
to attract a wide range of social resources integrated 
into its industrial system. By attracting external 
resources, aviation military enterprises could reduce 
their investments due to the increasing of unit 
production costs rising and enhance the products 
competitiveness. 
3) Enhance the capabilities of military repairing  

Most aviation military enterprises have a 
complete set of system from designing, manufacturing, 
materials purchasing to quality assurance and support 
service, companied by a fixed maturity raw material 
procurement channels, relatively stable supplier 
relations and technical information and experience on 
military modification and maintenance. All of the 
above are surely the advantages of military repairs. So 
why not integrate internal resources and combine with 
external resources to form a complete military aviation 
maintenance entity? The entity will successfully 
participate in the military reform and restructuring. 

B. Overall marketing system 
1) Construction of a modern marketing system 

Facing the increasingly fierce competition, 
aviation military enterprises must lay the foundation 
of marketing work. The establishment of a modern 
marketing system and improving demand management, 
product management, R & D management, marketing 
promotion, customer service processes are required. In 
addition, the marking system, the R&D system, sales 
system and supply chain system should be combined 
together as a whole marketing system so that all 
departments and units could play a role in the 
marketing system. 
2) Improve the marketing management 

From R&D to sales, the military enterprises and 
customer are inseparable. Therefore, military 
enterprises should strengthen the whole process of 
marketing management. In addition to an annual 
contract, enterprises should spare no effort on 
pre-research and model development tasks, which is 
the key of follow-up product ordering and opening up 
new markets. 
3) Strengthen marketing strategy planning 

Marketing departments should carry out military 
operations positioning analysis, competitor analysis, 
internal and external environmental analysis, 
marketing strategy objectives (including sales revenue 
and growth, market share growth and other strategic 
objectives) and project planning (including liability 
leadership, target market, marketing team, competitors, 
competitive strategy, work plans, etc.). 
4) Implementation of information technology on 
dynamic customer relationship management 

Under the current circumstances, aviation 
military enterprises must be well aware of the 
customers and follow-up their needs in time. Even the 
product updates should regularly be introduced to the 
customer to make them repeat customers. Without 
complete customer information management systems, 
this is impossible. As a whole, enterprises should 
focus on the product's entire value chain and improve 
customer perceived value. Good customer relationship 
management using the management information 
system is the first step.
5) Establish incentives of marketing  

In order to scientifically evaluate the 
performance of military sales staff who working in the 
marketing process and fully mobilize the enthusiasm, 
the evaluation and incentives measures should be 
proposed. Military project can be divided in to work 
units. Each unit of work can be divided into several 
independent expression, measurements and evaluation 
units in basic. All projects must have clear deadline. 
The actual completion time would be compared with 
the deadline as the basis for the assessment so that 
sales staff get their rewards or punishment. 
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Abstract - Improving the capacity of special 
equipment safety supervision is significant to ensure the 
safety of special equipment. Special equipment safety 
supervision capacity was defined based on 
organizational capability theory. 20 factors that 
influence the capacity of special equipment safety 
supervision were identified by the method of literatures 
metrology and expert investigation. By calculating the 
Spearman correlation coefficient between the influence 
factors and safety performance index, the number of 
accidents per ten thousand sets of equipment, 10 key 
influence factors that correlate significantly with special 
equipment safety supervision capacity were finally 
identified. Calculation results showed that, on the 
overall trend, the influence factors of special equipment 
safety supervision capacity presented negative 
correlation with safety performance index. The capacity 
of special equipment safety supervision can be improved 
and the accident probability can be reduced through 
increasing the input of supervision resources, improving 
the quality of supervisors and performing strict 
supervision.

Keywords - Correlation analysis, influence factors, 
special equipment safety supervision, safety supervision 
capacity, safety performance 

I. INTRODUCTION 
Special equipment in China includes boilers, 

pressure vessels, elevators, lifting appliances, 
passenger ropeways, large amusement devices and 
automobiles which is related to safety and has high 
risks [1]. Special equipment is closely related to 
national economic construction and people's life [2]. 
Also, the safety of special equipment is directly 
related to the safety of people’s lives and properties, 
as well as the stability of economic operation [2]. As 
one of the important means to ensure the safety of 
special equipment, special equipment safety 
supervision is attracting more and more attention 
from the whole society [3]. 

According to organizational capability theory, 
influence factors of organizational capability include: 
organization resources and functions to perform [4-6]. 
In China, the organizations responsible for special 
equipment safety supervision include: special 
equipment safety supervisory institutions and the 
inspection agencies [3]. The capacity of safety 
supervision is directly influenced by the resource 
allocation and the function implementation status of 
these two kinds of organizations. Therefore, based on 
the organization feature of special equipment safety 
supervision and organizational capability theory, 
special equipment safety supervision capacity was 
defined as: the ability that special equipment safety 

supervision organization equips with necessary basic 
resources, performs relevant necessary supervision 
and inspection to ensure the safety of special 
equipment. Aimed to study special equipment safety 
supervision capacity systematically, the initial 20 
influence factors were determined by the method of 
literature metrology and expert investigation [7-9], see 
Table I. 

The main purpose of special equipment safety 
supervision is to prevent and reduce the special 
equipment safety accidents and improve special 
equipment safety performance. The number of 
accidents per ten thousand sets of equipment is 
always used as the basic index to measure special 
equipment safety performance in China. Studying the 
correlation between the influence factors of special 
equipment safety supervision capacity and the 
number of accidents per ten thousand sets of 
equipment through correlation analysis can provide a 
scientific basis for improving special equipment 
safety supervision capacity and safety performance. 

II. METHODS 
A. Data collection 

Statistical data related to special equipment 
safety status from 2006 to 2010 in China were 
selected as sample [10-14], see Table I. 

According to the same sources in Table I, the 
data of safety performance index of special 
equipment was summarized, see Table II. 
B. Analytical method 

Correlation analysis [15] is a method that analyzes 
the correlation degree between two variables and 
describes the degree of relationship between the two 
variables. It reflects the magnitude of changes of one 
value when the other value is controlled. Correlation 
coefficient is the index that used to measure the 
degree of correlation between variables. Suppose 
there are two sequences: 1 2( , , , )na a a a , 

1 2( , , , )nb b b b . According to the principle of 
statistics, the correlation coefficient between the two 
sequences is:  

1

2 2

1

( )( )
cov( , )( , )

( ) ( )
( ) ( )

n

i i
i
n

i i
i

a a b b
a br a b

D a D b
a a b b

(1) 

Among: a , b  are the average of the two 
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sequences respectively, n is the sample number of the 
two sequences. 

The value range of correlation coefficient r is 

1 1r  and the relationship between correlation 
coefficient and correlation is shown in Table III. 

TABLE I 
THE ANNUAL STATISTICS OF THE INFLUENCE FACTORS OF SPECIAL EQUIPMENT SAFETY SUPERVISION CAPACITY IN 

CHINA 
Three-level index of special equipment safety supervision capacity 

(number) 2006 2007 2008 2009 2010 

Number of supervisory organ (D1) 2984 2994 3012 3049 3092 
Number of supervisory personnel (D2) 8907 9119 9363 9624 9874 
Number of certified supervisory personnel (D3) 7208 7068 6821 8007 8194 
Proportion of certified supervisory personnel (D4) 80.93 77.51 72.85 83.20 82.99 
Number of supervisory personnel per ten thousand sets of equipment (D5) 22.06 20.57 17.97 16.52 15.25 
Number of supervision and inspection (D6) 2114600 2707000 2380000 776000 716000
Number of times for supervision and inspection of ten thousand sets of 
equipment (D7) 

5237.66 6106.20 4567.17 1332.05 1105.54

Number of rectification for hidden dangers (D8) 303000 363000 418000 237000 198000
Number of rectification for hidden dangers of ten thousand sets of 
equipment (D9) 

750.50 818.82 802.13 406.83 305.72 

Number of inspection agency (D10) 2903 2889 2802 2485 2503 
Number of staff of inspection agency (D11) 23969 25056 53797 56372 57533 
Number of certified inspection personnel (D12) 19209 19651 28737 51823 52573 
Proportion of certified inspection personnel (D13) 80.14 78.43 53.42 91.93 91.48 
Number of staff with college degree or above (D14) 18232 19669 30355 33588 35897 
Number of engineering technicians (D15) 19834 20746 34704 35463 36028 
Number of intermediate and above engineers (D16) 10564 10998 16619 16929 17021 
Number of supervision and inspection for product safety performance (D17) 1090000 1310000 1320000 1120000 3490000
Number of supervision and inspection for installing safety performance 
(D18) 

306500 428200 540700 569600 604900

Number of periodical inspection (D19) 2204500 2241800 2506900 2696400 3036600
Proportion of periodical inspection (D20) 84.5 95.6 89 95.2 96.1 

TABLE II 
THE ANNUAL STATISTICS OF SPECIAL EQUIPMENT SAFETY PERFORMANCE INDEX IN CHINA 

special equipment safety performance index 2006 2007 2008 2009 2010 
Number of accidents per ten thousand sets of equipment /number Million-1 0.74 0.58 0.59 0.65 0.46 

TABLE III 
THE RELATIONSHIP BETWEEN CORRELATION COEFFICIENT AND CORRELATION 

Correlation Negative correlation Positive correlation 
Low correlation or uncorrelated 0.3~ 0.0 0.0~ 0.03 

Medium correlation 0.5~ 0.3 0.3~ 0.5 
Significant correlation 1.0~ 0.5 0.5~ 1.0 

TABLE IV 
CORRELATION COEFFICIENT BETWEEN SAFETY SUPERVISION CAPACITY INFLUENCE FACTORS AND SAFETY 

PERFORMANCE INDEX 
Three-level index number D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 
Correlation coefficient -0.200 -0.600 -0.600 0.100 0.600 0.100 0.300 0.200 0.477 0.300 
Significance level (two-tailed) 0.774 0.285 0.285 0.873 0.285 0.873 0.624 0.747 0.450 0.624 
Three-level index number D11 D12 D13 D14 D15 D16 D17 D18 D19 D20 
Correlation coefficient -0.600 -0.600 0.100 -0.900 -0.900 -0.600 -0.900 -0.600 -0.600 -0.100
Significance level (two-tailed) 0.285 0.285 0.873 0.37 0.37 0.285 0.37 0.285 0.285 0.873 

 
Common correlation coefficients include: 

Pearson product-moment correlation coefficient 
which requires random variables that need verified to 
conform normal distribution; Spearman correlation 
coefficient is a nonparametric rank statistical 
parameter (has nothing to do with the distribution) 
and is used widely in practice; Kendall rank 
correlation coefficient is the index which reflects 
classified variable’s correlation. It can be used when 
the two classified variables are orderly classified. 

Nonparametric correlation analysis was carried 
out on related ordinal variables, the values ranged 
from -1 to 1 and the analysis method was suitable for 
square table. Therefore Spearman rank correlation 
analysis was selected to confirm the correlation 
between the influence factors of special equipment 

safety supervision capacity and safety performance 
index. 

C. Correlation analysis 

The data of the influence factors of special 
equipment safety supervision capacity in Table I and 
the data of safety performance index, the number of 
accidents per ten thousand sets of equipment in Table 
II were selected to conduct Spearman nonparametric 
rank correlation analysis. Take D1 for example, 
calculation process is as follows: 

According to formula (1), put the value of D1 
into variable a, put the value of P1 into variable b, 
then the correlation coefficient between D1 and P1 is 
calculated, r=-0.600. The negative correlation 
coefficient indicates that D1 and P1 are negative 
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correlated, and the lower significance level 
(two-tailed) indicates that the analysis result is 
reliable. 

III. RESULTS 

As the quantity of samples was significant, 
SPSS18.0 was used to conduct the analysis, the 
calculation results were shown in Table IV. 

IV. DISCUSSION AND RECOMMENDATIONS 

The correlation coefficients in Table IV show 
that the number of accidents per ten thousand sets of 
equipment and D2, D3, D11, D12, D14, D15, D16, D17, 
D18, D19 have significant negative correlation. It 
indicates that the relative quantity of accidents reduce 
with the increase of supervision resource investment 
and inspection human resource, the improvement of 
supervisors’ quality and the amount and quality of 
inspection. These ten indexes and special equipment 
safety supervision capacity are positive correlated. 
The capacity of special equipment safety supervision 
increases with the growth of these ten influence 
factors. On the other side, the calculating results 
show that D4, D5, D6, D7, D8, D9, D10, D13 and the 
number of accidents per ten thousand sets of 
equipment have positive correlation. Furthermore, it 
appears that D1, D20 and the number of accidents per 
ten thousand sets of equipment have negative 
correlation, but the significance level of correlation 
result is too high to confirm the correlation. So D1, D4, 
D5, D6, D7, D8, D9, D10, D13 and D20 cannot be 
selected as the key influence factors of special 
equipment safety supervision capacity. 

V. CONCLUSION 

According to organizational capability theory 
and the structure of special equipment safety 
supervision organization in China, special equipment 
safety supervision capacity has been defined. 10 key 
influence factors of special equipment safety 
supervision capacity which appear significant 
negative correlation with the number of accidents per 
ten thousand sets of equipment were confirmed 
through correlation analysis. Special equipment 
safety supervision capacity can be strengthened and 
special equipment accidents can be prevented through 
increasing the input of supervision and inspection 
resources, improving the quality of supervisors, 
strengthening the rectification of equipment hidden 
dangers, intensifying the level of inspection and 
performing stricter inspection. 
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Abstract - Environment Kuznets Curve (EKC) 
hypothesis is a classic expression of describing the 
relationship between economy and environment. Based on 
the theory of EKC, this paper established an econometric 
model between economic development and environmental 
pollution according to the data of sulfur dioxide emission 
and per capita GDP of China over the period of 1998 to 2012. 
Regression analysis shows that relationship between the 
sulfur dioxide emissions and per capita GDP displays a 
typical N shape, and the present situation of China is at the 
rising stage after two tunning points. Economic development 
of China is still at the expense of sacrificing environment to 
some extend. Pollution has been rising along with the 
development of economy, and this trend will not change in 
the short term. Transforming and upgrading from factor-
driven and capital-driven to innovation-driven is 
particularly important for economic transformation and 
upgrading in China.

Keywords - EKC, economic de velopment, environment 
pollution, per capita GDP, sulfur dioxide emissions 

I. INTRODUCTION 
With the collapse of resources and deterioration of 

environment, research on the relationship between the 
economy and environment has been widespread 
concerned among scholars of different fields as an
important social science problem. EKC theory was first 
mentioned in the research on relat ionship between 
environmental change and economic g rowth. In 1991, 
Grossman and Kruger [1] analyzed the data of u rban air 
quality estimated by the Global Environmental 
Monitoring System (GEMS), finding that the inversed-U
shaped relationship existed with respect to sulfur dioxide 
and soot emission. Then, as leaders, Grossman and 
Kruger [2] empirically studied the relationship between 
economic development and environment: in the early 
stage of development, environmental quality is easily 
deteriorated with the process of economic development;  
When the economy develops to a certain level,  
deterioration of the environment will reach its peak; After 
that, with the increase of per capital income and the 
development of economy, environmental pollution  will 
get ease owing to structure and technology effect [3], and 
then environment quality will improve gradually. After 
Grossman and Kruger, many empirical studies showed 
that the inverted-U shaped relationship between most 
environmental quality indicators and per capita income 
does exist. Shafik and Bandyopadhyay [4] sthdied the 
relationship between ten environmental factors and per 

capita income in 149 countries by a logistic form and 
found that inverted-U shape existed in the relations 
between the density of sulfur dioxide and suspended 
particles and per capita income. Selden and Song [5]

selected a cross-national panel of data on emissions of 
four air pollutants: suspended particulate matter, carbon 
monoxide, sulfur dioxide and nitrogen oxides, discovering 
that per capita emissions of these four pollutants exh ibited 
inverted-U relat ionships with per capita GDP and 
forecasting that emissions in g lobal world would continue 
growing rapid ly over the next several decades. Of course, 
various doubts have been exercised on the theory of 
Environmental Kuznets Curve  (EKC) [6-11]. Alexi [12]

suggested that research of EKC could be used to control 
the population. He chose two models with d ifferent 
population quantity and found that these two models 
displayed two different turning points. Besides, he 
suggested the future research of EKC can turn  to study 
how population in fluence the EKC model.  Wu Haiying
and Zhang Shenglin [13] modified the mathemat ical model 
of EKC-theory with a cubic equation of higher goodness -
of-fit, finding that U  type curve existed between the 
waste water, solid waste and waste gas emissions and per 
capital GDP. Liu Genyao [14] constructed respectively the 
linear, quadratic and cubic model to analyze and finally 
found that the cubic model has a best fitting effect. 

It is well known that the sulfur dioxide is one of the 
atmospheric pollutants and is also the main component of 
acid rain. Even though many countries haven t take strict 
policy regulations on its emissions, lots of scholars have 
suggested reducing its emissions to protecting 
environment. Among literatures studying the relationship 
between economic development and environment, 
number of scholars favor in sulfur dioxide [15, 16]. This 
paper will choose the sulfur dioxide emissions alone as 
the environmental pollution indicator to exp lore the 
relation between economy and environment by analyzing 
the evolution rule of sulfu r d ioxide emissions and per 
capita GDP. 

II. SULFUR DIOXIDE EMISSION AND PER CAPITAL 
GDP IN CHINA 

A. Sources of data 
The data of per capita GDP and sulfur dioxide 

emission required in this paper are taken from China 
statistic yearbook . Data of sulfur dioxide emission during 
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the period of 1998 and 2012 are based on industrial and 
life sulfur dioxide emission, summaried by author. 

B. Descriptive statistics of data
Fig.1 presents the trends of SO2 emissions and per 

capita GDP during the period of 1998 and 2012. 

Fig.1. SO2 emissions and per capita GDP 

III. THEORETICAL MODEL AND THE RESULT OF 
DATA FITTING 

A. Model 
Referring to literature [3], this paper explores a cubic 

regression model: 
2 3

1 2 3 4 , 1,2, , . 1,2, , .it i it it it it ity x x x z i N t T, . 1,2, , ., . 1,2, ,. 1,2, ,, .

In Eq. above, ity  is the depended variable of

environmental degradation, itx  is the independent 

variable  of income, itz  reflects other variab les that may  

affect ity , i  is the constant term, and i are the 
estimated coefficients of the explanatory variables. The 

it  represents the error term. 

B. Results of fitting 
As show in Table I, we can  see the cubic regression 

equation is
6 3 2 6 36.136 10 2.424 10 0.101 1.248 10 , 1,2, , . 1,2, , .it it it ity x x x i N t T, . 1,2, , ., . 1,2, ,. 1,2, ..

The t-test sig=0.003. 
The relationship between SO2 emissions and per 

capita GDP discussed above is represented in Fig.2. 
TABLE I

MODEL SUMMARY AND PARAMETER ESTIMATES

Dependent Variable:SO2emissions

Equation
Model Summary Parameter Estimates

R Square F df1 df2 Sig. Constant b1 b2 b3

Cubic .707 8.852 3 11 .003 6.136E6 2.424E3 -.101 1.248E-6

The independent variable is Percapita GDP

Fig.2. SO2 emissions and per capita GDP

IV. CONCLUSIONS 

According to the analysis of regression, the 
coefficient of quadratic term of the model which explores 
the relat ionship between sulfur d ioxide emission and per 
capital GDP is less than zero, and the coefficient of cubic 
term is greater than zero. Therefore, the curve fitted by 
this model is N shape. Calcu lating the first order 

derivative, we can find that the first turning point is 
located at per capital GDP 17937 during 2006 and 2007,
i.e, after the first turning point appearing between 2006 
and 2007, sulfur dioxide emission showed a trend of 
decline. The scend turning point appeared during the year 
of 2010 and 2011,which is located at per capital GDP 

33870,and then the trend of sulfur d ioxide emission 
turned to rise again.

The above results show that measures taken for 
environmental protection are effective and we should 
continue adhering to the governance and improvement of 
environment, but there still exists a certain repeatability 
for sulfur dioxide emission. Economic growth in China is 
still at the expense of the environment to some extent. 
Pollution has been rising along with the development of 
economy, and this trend will not change in the short term. 
Transforming and upgrading from factor-driven and 
capital-driven to innovation-driven is particu larly 
important for economic transformation and upgrading in 
China. 
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Abstract - In order to establish continuous life insurance 
actuarial model theoretical system based on credibility 
measure, this paper defined the force of mortality based on 
credibility measure, and deduced the expressions of future 
lifetime distribution function, survival function, density 
function and actuarial notation by the force of mortality. 
Accordingly, it established models of continuous life 
functions based on credibility measure.

Keywords - Credibility measure, force of mortality, 
residual life distribution function, survival function 

I. INTRODUCTION 

Life insurance actuarial uses the method of modern 
mathematics and mathematical statistics to quantitatively 
analyze and research the premiums, reserves, and cash 
value in life insurance. The two basic types involved in 
were the discrete and the continuous. The essential 
difference is the discreteness and continuity of the 
uncertainty of life in life insurance. In the continuous life 
insurance actuarial models, one of the basic problem is to 
define the force of mortality and to express the life 
functions by force of mortality. The force of mortality is 
the vital evidence to price the premium, and the 
foundation to construct theoretical system of continuous 
life insurance actuarial. The force of mortality shows the 
possibility that one man dies at a certain time, and used to 
be defined by probability measure, as traditional life 
insurance actuarial models are built in probability space [1-

5]. Probability measure is the one that fulfills countable 
additive, yet countable additive is a very harsh condition, 
and hardly does the uncertainty in life insurance which 
one man dies at a certain time satisfy this condition. Thus, 
we need to find a non-additive measure, more widely-
used and flexible than probability, to measure the 
uncertainty of man’s survival or death. To deal with the 
complexity of the uncertainty of man’s survival or death, 
The reference [6] substitutes non-additive quasi 
probability measure for probability measure, and deduces 
the basic formula of life insurance actuarial models on 
proposed probability space, further to make the 
application of the theoretical model of life insurance 
actuarial broader and more efficient. Credibility measure 
is an uncertain measure, more widely-used than 
probability measure. It possesses the advantages like self-
duality and subadditivity, which make it a new method to 
describe fuzziness. The reference [7-8] points out that the 
uncertainty of human lives in life insurance perform more 
like fuzziness, and believes that human lives are fuzzy 
variables on credibility space. Using credibility measure, 
it expands life insurance actuarial theory onto credibility 

space. On the theories of references [7-10], this paper 
discusses the force of mortality in life insurance actuarial 
on the basis of the credibility measure, defines the force 
of mortality also on the basis of credibility, and gives the 
expressions of life distribution function, survival function, 
density function and actuarial symbol based on the force 
of mortality. Thus, it lay the foundations for the 
establishment of continuous life insurance actuarial 
models based on credibility measure.  

II. PRELIMINARY 

Definition 1 [11] Let  be a nonempty set, and let 
P  be the power set of . Each element A P  is 
called an event. A set function : 0,1Cr  is called a 
credibility measure if 1i Cr ; i i Cr A Cr B

whenever A B ; iii 1cCr A Cr A  for any event A ;

iv supi ii i
Cr A Cr A  for any events iA  with 

sup 0.5i
i

Cr A .

The triplet , ,CrP  is called a credibility space
[12].

Definition 2[13] A fuzzy variable is a function from 
credibility space , ,CrP to the set of real numbers. 

Definition 3[14] The credibility distribution 
: 0,1  of a fuzzy variable  is defined by

x Cr x
Definition 4[7] Let 0T  be anyone’s life span. The 

life distribution function is defined by  
0 0x Cr T x 0x .

0 x  represents the credibility that a neonatal (i.e., 0

years old) died in the next x  years. 
Definition 5 [7] Let xT  be x  years old one’s 

residual life span. The residual life distribution function is 
defined by  

x t Cr T x t 0t .

x t  represents the credibility that a x  years old one 
died in the next t  years.  In fact, it reflects the credibility 
that a 0  years old one died before x t  years old in 
condition that who lives  x  years old. 

Definition 6 [7] Let 0T  be anyone’s life span. The 
Infant survival function is defined by  

0 01 0 0S x x Cr T x x
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0 xS  represents the credibility that at the age of 0 ,
people in the x  years old still survive. 

Definition 7 [7] Let xT  be x  years old one’s 
residual life span. The survival function of a person age 
x  years old is defined by  

0xS t Cr T x t t

x tS  represents the credibility that x  years old one in 

the x t  years old still survive, 1x xS t t .
Definition 8 [15] The credibility density function 

: 0,  of a fuzzy variable is a function such 
that

1y dy ,
x

x y dy , x

where  is the credibility distribution of the fuzzy 
variable .

Theorem 1 [7]

(0) | (0)Cr x T x t T x

0
0 0

0

0
0 0

0

if x+t 0.5 0.5 ( )
1 ( )

1 ( )
1 , if 0.5 0.5

1 ( )
0.5, otherwise

x t
x

x
x t

x t x
x

The definition of actuarial symbol on the credibility 
space [7]:
t xq The credibility which a person ages x  won’t be 
alive after x t  years old, that is t x xq t .

t xp The credibility which a person ages x  is still alive 
after x t  years old, that is 1t x t xp q .

xt u q The credibility which a person ages x  dies 
between x t  and x t u  years old, that is  

xt u q Cr t T x t u

Theorem 2 [8] Let , ,P Cr  be a credibility 

space, |t u xq  represents the credibility which a person ages 
x  dies between x t  and x t u  years old. Then  

|t u xq 1 t x t u xq q .

III. FORCE OF MORTALITY x

This section mainly discusses the expression of life 
distribution function, survival function, density function 
and actuarial symbol based on the force of mortality. 
Firstly this paper gives the definition of the force of 
mortality on credibility space. 

A. The definition of Force of Mortality Based on Credibility 
Measure

Definition 9 Let , ,P Cr  be a credibility 
space. Then the force of mortality of x  years old man is 
defined by  

x

Cr T x t
t

0t  . 

That is 

x

Cr T x t
t

0 | 0Cr x T x t T x
t

.

Form theorem 1, we obtain 

x

0
0 0

0

0

0
0 0

( )
, if ( ) 0.5 0.5

1 ( )

1
1

1
, if 0.5 0.5

0.5 , otherwise

x t
x t x

x t

x t
x

x t x
t

t

                                             ....................(*)  
Especially when 0x , since 0 0 0 , we obtain 

0

0
0

0

0 0
0 0

0

, if 0.5 0.5 0
1 0

0
, if 0.5 0.5 0

1 0

0.5 , otherwise

t
t

t

t
t

t

t

0
0

0
0

0
0

if 0.5

( )
, if 0.5

, if 0.5

t
t

t
t

t
t

t
t

t

We have 0
0

t
t

, namely 0 0t t .

B. The Expression of Life Functions Based on x

We will deduce some expressions of life distribution 
function, survival function, density function and based on 
the force of mortality. The following deduces related 
expressions by .

(1) If 0 00.5 0.5 ( )x t x , then by using  

0

01x

x t
x t

, we obtain 
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01 x 0

x

x t
t

.

By the Theorem1, we have 
0

01x

x t
t

x
0

0
x

x t
t

x t x t ,

0

0

1
1x

x t
S t

x
0

0

1 x

x t
t

x t
1 x t ,

x xt .
Especially when 0x , we have 

0 0t t , 0 01S t t , 0t .

(2) If 0 00.5 0.5 ( )x t x , then by using 

0

0

11 1
1x

x t
t x

, we obtain 

0

0

1
1

1
x t

x x t .

Further, we obtain 
0

0

1
1

x t
x

1 x t .

By the theorem1, we have  

x t 0

0

1
1

1
x t

x x t ,

xS t 0

0

1
1

x t
x

1 x t ,

x xt .
Especially when 0x , we have  

0 0t t , 0 01S t t , 0t .

(3) Otherwise, by using 0.5
x t

. By the Theorem1, we 

have 
0.5x xt t ,

0.5xS t 1 0.5 1 x t ,
x xt .

Especially when 0x , we have 

0 0t t , 0 01S t t , 0t .
Based on the analysis above, we have 

x xt t , 1x xS t t , x xt .

0 0x x , 0 01S x x , 0x .

C. The Expression of Actuarial Symbol Based on x

By the theorem 2, we have the expression of 
actuarial symbol that  

t x xq t ,
1t x xp t .

| qxt u 1 qt x qt u x 1 t t ux x

1-
1-

if

if

1 ,
,

t t t ux x x
t u t t ux x x

if

, if

1 , 2
2

t t ux x
t u t ux x

Especially when 1t , we have 
x xq , 1x xp .

When 1u , we have 

|| t xq qxt u ,

1 , if 2 1
1 if 2 1
t tx x

t tx x
.

IV. CONCLUSIONS 

This paper defines the force of mortality based on 
credibility measure, and obtains the regular and simple 
expressions of the life distribution function, survival 
function, density function, actuarial notation, etc, based 
on the force of mortality. Thus, we are able to transform 
the calculation of survival model from a complicated 
operation using an expression of life distribution function 
to an simple arithmetic that uses the force of mortality. 
Meanwhile, it lays a foundation for deeper discussion on 
the continuous life insurance actuarial on account of 
credibility measure. 
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Abstract - Based on the assumption that two types of 
heterogeneous consumer groups exist in the market (one 
only having the creative product demand, another not 
caring about creative characteristics of products), we 
present a Bertrand competition model between creative 
products and ordinary products. The results show that firms 
with creative products in the existence of common market 
have a greater profit than in the non-existent of ordinary 
product under certain conditions. It suggests that creative 
product firms and ordinary product firms can work 
together in a symbiotic marketing system. 

Keywords - Bertrand model, creative products, game 
theory, symbiotic marketing strategy 

 
I. INTRODUCTION 

 
The creativity not only improves product 

differentiation, but also increases the added-value of 
products and improves the market competitiveness of 
firms because it has become a part of product value and 
production process. At present, China's creative industry 
market is still not mature and has not formed a complete 
and efficient industry chain. “Creativity products exist, 
but there is no creative industry” [1-3]. Creative products 
have their own value only in the consuming process. 
Creative product demand refers to the number of 
consumers who are willing and able to buy such products 
at a variety of possible prices in a certain period of time. 
The consumption of the creative products is highly elastic. 
Consumer economy levels and personal preferences will 
make the creative product demand instable. The 
unpredictability of the demand will make the industry 
participants and observers confused [4]. However, research 
on the marketing of creative products is rare. Current 
researches emphasize only on the creative side of creative 
products and symbiotic marketing strategy is usually 
excluded, which leads to the low efficiency of marketing 
activities. 

Based on the assumption that two types of 
heterogeneous consumer groups exist in the market (one 
only has the creative product demand and another has 
ordinary product demand), we present a Bertrand 
competition model between the creative products and 
ordinary products. The results show that under certain 
conditions creative product firms in the existence of the 
market of ordinary products have a greater profit than in 
the nonexistence of ordinary products. Symbiotic 
marketing is a marketing strategy objective by which two 
or more than two firms can improve their efficiency and 
enhance market competitiveness through the sharing of 
marketing resources. The results of this study indicate 

that the existing creative products firms and other 
ordinary product providers can work together in a 
symbiotic marketing system. 

 
II. RELATED WORK 

 
Research on high-end consumer promotions show 

that the collaboration of one high-end brand and other 
high-quality brands in a product line will be beneficial to 
the firms in order to protect the interests of the market, 
which improves the value of other products with 
high-quality brand [5]. An empirical study from Soberman 
and Parker (2004) showed the existence of heterogeneous 
consumer groups, some consumers are willing to pay high 
prices for those advertised (brand) products, while others 
believe that the values of own brand products and 
well-known brand products are the same [6]. 

Pauwels and Srinivasan showed that the intrusion of 
own brand products would improve high-quality brand’s 
profits because consumers could think the quality of 
famous brand products will be far better than its own 
brand [7]. Although the basic situation of different 
industries is not always the same, the conclusion is used 
as reference in this study. Coughlan and Soberman 
discussed whether to establish the direct stores which are 
independent of major retail outlets [8]. According to their 
conclusions, the direct stores would be beneficial to 
independent retailers.  

Chen and Riordan (2007) developed the model of 
monopolistic competition in the horizontal differentiation 
level [9]. In some cases, a new entrant will increase the 
profits of current existing firms. 

Different from the above researches, this research 
intends to explore the relationship between the profits of 
firms and types of creative products and ordinary 
products, as well as the competitiveness in a vertical 
horizon. 

 
III. THE BASIC MODEL 

 
We assume that there are two different types of 

products (h and l), h and l represent the creative products 
and ordinary products respectively. Supposed that there is 
a straight line with distance of [0, 1] unit. Firm 1 is 
located in position 0, and firm 2 is located position 1. The 
two firms produce product h at zero marginal cost. The 
product’ difference is divided into the different points on 
the straight line. Two types of consumer groups (creative 
product market H  and common market L ) lie in 
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uniform distribution in [0, 1] interval. There are two kinds 
of difference between the two market segments. First, the 
transportation cost product h is different. H market 
consumers usually pay higher transportation cost( ), 
while the L market consumers (usually) pay low 
transportation cost( ), > . L -type consumers are 
more sensitive to price and have higher price elasticity 
than H consumers. For convenience, let  value is 1, 

then <1. Second, for two different consumer groups, 
the willingness to pay is different. H -type consumers 
only need product h and L consumers are indifferent to 
the difference of product h and l. If the total consumer 
market is 1, the number of H is and the number of L 
consumers is1- .Each consumer’ demand is at most one 
unit. If a consumer located in x would buy the product h, 
his utility function is as follows: 

2firm frompurchasing if
firm frompurchasing if (1) 

 represents the value of ideal product of consumer 

j, (·)2 represents that consumers in j( LH , ) need to 

spend the cost of transportation, is product’ prices of 

firm i (i=1,2). Assume that ( LHj , ) is high enough. 

From formula (1), the consumers located in ( , ) 
to buy products h from two enterprises are neutral, i.e.: 

        (2) 

 
A. Market without Ordinary Products 

In this case, the game is a simple Hotelling duopoly 
model. Each consumer in L  and H  would buy one 
unit of product from firm 1 or firm 2. From the formula 
(2), firm 1’s demand function is D1 and firm 2’s demand 
function is D2. 

(3) 

 
Consider whether there exists a Nash equilibrium. In 

this situation, the profit function of enterprises is as 
follows: 

 

 

First order derivative is as follows: 

 

 
(4) 

Formula (4) shows that firm 2 has two choice when 
= /(1- + ): 

1) Set , ( ,1), which means that 
firm 2 would abandon the sale of products in the market 
in L, and focus on the market H; 

2) Set , (-1,- ), which means 
that firm 2 would fully take the market L (if 

, it fully take the two consumers L  and 
H  in the market). 

To check whether firm 2 will take the two options, 
we consider the following maximization problem: 
(i) ,  

(ii) , ..ts  

The first equation’ solution exists if and only if: 
       (5) 

If the inequality does not hold, the solution in 
formula (4) is more favorable to firm 2. When the 
inequality holds, the price and profit will be: 

    
           (6) 

      (7) 

The pi  is a derivative of the solution. From the 
formula, it is easy to see that  is less than 1. If 

, the equilibrium price 
from formula (4) exists. This can also be expressed as: 

    (8) 
This means firm 2 will never take this option. 
If either formula (5) or formula (8)does not hold, 

( ) would not be the equilibrium price. If the 
condition of price equilibrium in formula (8) holds, then 
it will satisfy the following inequality: 

     )3(
12)1)(2(

)3()2(2)(1( 2

L

LL

t

tt
      (9) 

From formula (9), we can see, for a given , if is 

sufficiently close to 0, ( )would not be the 

equilibrium price. When  is close to 0, (i=1, 2) be 
close to 0. A firm would set higher price than pi  under 
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the condition, so the firm only provides the creative 
product market with products. 

The value range of in formula (9) depends on the 
parameter . The right side of the inequality is a concave 
function of variable . If formula (9) does not hold, there 
will be an upward bias. The deviation includes the 
following three aspects:  the loss of ordinary product 
consumers; the reduction of supply for creative 
product consumers;  the increase of consumers’ 
income of the creative product market. The former two 
kinds of consequences have negative effects, but the last 
one is a positive utility. If  (the proportion of 
consumers from creative products market) is very small, 
the utility of  is greater than  or , the minimum 
value of will become very low. When value increases, 
the effect of type  becomes more important. 

 
B. Market with Many Ordinary Product Firms 

We assume that there are l-type production firms at 
the end of each line. Since the price 1p decreases to be 
zero, the two firms do not want to sell products to the 
market of L. In this case, the game becomes a duopoly. 
Demand function can be depicted as follows:  

)),(1( 212 ppxD H  
The profit function of enterprises can be described 

below. 

 

 

After the calculation, we can obtain the optimal 
solution. 

 

    (10) 

Where pi* is the equilibrium price of firm i. 
 

C. Comparative Analysis 
From the above results, option 2 is more favorable 

than option 1. According to equation (4) and (10) we can 
obtain the inequality: 

     
(11) 

If and only if both formulas (9) and (11) hold, the 
two creative firms favor adequate supply of ordinary 
products. 

In the above model, the heterogeneous consumer 
groups ( H and L ) are the driving factors. If no ordinary 
product firms exist, creative product firms are unable to 

keep higher prices. Because all firm want to obtain a large 
number of consumers from the L  (price sensitive 
consumers), a slight reduction in price will attract many 
price sensitive consumers. Once the price decreases, two 
firm’s prices will drop significantly. As a result, the loss 
of price decrease is greater than the gain of the sale 
increase. If ordinary product firm exist and p1is 
sufficiently low, the entry of the ordinary product firms 
into creative product market is beneficial to creative firms 
because it makes the ordinary product market become 
unprofitable to creative product firms and creative 
products can avoid price decrease at the beginning. 

 
IV. CONCLUSION 

 
Based on Bertrand competition model, this research 

demonstrates the existence of low price ordinary product 
may be beneficial to existing high price creative product 
firms, which makes the creative firms only sell their 
products to the creative products consumers. The increase 
of price makes up for the loss of the creative product sales. 
When the ordinary product market doesn’t exist, the 
equilibrium price of creative products market will be 
higher, otherwise the ordinary product market will make 
the equilibrium price and profit decline. Our conclusion 
indicates that the existing creative product firms and 
ordinary product firms can work together in a symbiotic 
marketing system. 
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Abstract - Major scientific and technological engineering 
need many organizations to implement. In order to deeply 
analyze the problem of organization coordination of major 
scientific and technological engineering, we use organization 
theory, coordination theory and network organization 
theory to solve it, which includes the implementation and 
control process such as an assessment of gaps in the 
generation process of collaborative management and 
identification for coordination opportunities, pre-evaluation 
of elements, communication, integration of elements, the 
selection and management of order parameter and some 
comparison and feedback of the result.

Keywords - Collaborative management, major scientific 
and technological engineering, organization coordination 
network 

I. INTRODUCTION 

 In order to deeply analyze the problem of 
organization coordination of major scientific and 
technological engineering [1-3], we need the integrated use 
of organization theory, coordination theory and network 
organization theory to analyze the process of collaborative 
management [4, 5]. Collaboration management is the full 
use of informat ion and knowledge to overcome barriers of 
communicat ion to generate multiplier effect with 
individual functions. It is very necessary to add the 
process analysis of collaborative management for us to 
fully understand and grasp the mot ivation, operation 
conditions and management modes. Because it has an 
effect on organization coordination network and affect its 
survival or change at a certain state. 

II. THE GENERATION OF COLLABORATIVE 
MANAGEMENT 

A. To determine the relationship between organization 
coordination’s management objectives and network 
objectives in major scientific and technological 
engineering 
 The object of the collaborative management 
implementation is organization coordination network of 
major scientific and technological engineering, whose 
goals are consistent with the objectives of collaborative 
management. Confirming the relationship between them 
is the assumptions to analysis the process. In fact, no 
mater how much difference between the co-management 
goals and the objectives of the network, they point to the 
content or nature of a deep identity, all in pursuit of the 
overall functional effects and the maximize value. 
Therefore, we believe that they are consistent and this is 

also the same in the daily activit ies  [6]. For example, every 
organization coordination network has its own goal, 
which is achieved by imposing a certain degree of 
methods about organization management but also for 
achieving goals of organizat ion coordination network of 
major scientific and technological engineering. 

B. Check the operating conditions of organization 
coordination network in major scientific and 
technological engineering 
 Although the co-management objectives is consistent 
with the goal of organization coordination network which 
is to pursue mult iplier effect, it needs to contrast the 
operating conditions, such as we can recognize its real 
level of development to  find the gap between the ideal 
level of development and make the resource into full 
effect. 

C. Assess the gap between real level development and 
ideal level development of organization coordination 
network in major scientific and technological engineering 
 The purpose of contrasting its operational status is to 
understand the gap between the ideal and reality level of 
development in  time or a period about the organization 
coordination network of major scientific and 
technological engineering.  How to determine the gap 
between them? The analysis of the target is not specific 
but general organizat ion coordination network of major 
scientific and technological engineering. We always 
establish the coordinates to determine two curves named 
ideal and reality level of development to assess the gap. 
The result shows that if the two curves are very close, we 
can indicate that the network itself has good state of 
coordination organization  and there is no need to manage. 
On the contrary, it  indicates that it  is necessary to 
collaborative management to achieve its goals and a 
multiplier effect [7, 8]. 

D. Use collaborative management to solve or shorten the 
gap
 From the above we can determined the gap between 
the reality development and the ideal level of 
development of the organizat ion coordination network in 
major scientific and technological engineering, besides 
the size of gap can reflect its operation states. The 
relationship between them is that the greater the gap, the 
worse of its running condition and the network is unstable. 
And vice versa counter is. The purpose of the 
implementation of co llaborative management is to  narrow 
the gap between the ideal and reality level of development, 
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which is decided by its nature and characteristics of 
collaborative management [9].

III. THE IMPLEMENTATION OF COLLABORATIVE 
MANAGEMENT 

 The above four aspects are the generate mot ivation of 
collaborative management, that is why we need to joint 
management. The generation process of collaborative 
management is only coordination in ideology and it shows 
the necessity and feasibility of co llaborative management. 
We must analyze how to implement the collaborative 
management to change the ideological coordination to 
actual collaborate behavior. The process of collaborative 
management includes: 

A. The identification of collaborative opportunities 
 The identification of collaborative opportunities 
mainly  aims  to seek opportunities for synergies in the 
implementation of collaborative management. The 
identification is the breakthrough of the collaborative 
management and it can help to achieve the desired effect 
with many methods and tools. Meanwhile, the 
identification is the foundation of the follow-up actions. 
The implementation of collaborative management is 
based on the identification of the collaborative 
opportunities. 

B. Pre-value the collaborative value of elements 
 Pre-valuing the collaborative value of elements  is 
making the evaluation for value or contribution of the 
elements coordination in the process, basing on the 
identification of collaborative chances . Its effect shows in 
two ways:  the first is it can compare the costs and value 
of collaboration in   the process though the evaluation of 
the collaboration value, thus we can know the importance 
of   elements collaboration  in  the whole collaboration 
process. The second is that it can  determine the value of 
collaborative elements in the collaboration process in 
advance, which is benefit for us to distribute the benefits 
and to ensure the follow-up actions to run smoothly [10-13].

C. Communication  
 Communicat ion is the foundation of the successful 
implementation of collaborative management. No 
communicat ion, no coordination, no chances to achieve 
the objectives in the organization  coordination network of 
major scientific and technological engineering.
Communicat ion plays a bridge or link role in unifying the 
behaviors of the network organization. , which is the basis 
of any problems about organization management.
Collaborative opportunities identification and the value 
evaluation can achieve its proper value and ensure the 
implementation of collaborative management run 
smoothly only though the deep and effective 
communicat ion. All the above can make the organization 
understand, recognize and reception clearly to translate 
into conscious act of organization.  

D. Integration of elements  
 The integration of elements is an orderly process of 
organization coordination network of major scientific and 
technological engineering and it is also a process to 
balance choice and coordinate elements to achieve the 
collaborative management objectives, which is basing on 
collaborative chances identificat ion, the pre-valuation of 
collaborative value and communication. The integration 
of elements aims to excavate the strength of each 
subsystem or elements and to make up the shortage in the 
organization coordination network of major scientific and 
technological engineering [14]. Its effect is to improve or 
break the restricted link to make the collaborative 
elements develop the best functions, thus we can achieve 
the overall goals of system. The mode, princip le and 
implementation of the integration are the contents that 
must be studied, for they are related to the realization of 
collaborative management effects and whether we can 
create value in the process. 

E. Order parameter selection and management 
 In coordination theory, order parameter is a measure 
of the degree of macro-order system, which dominates the 
system from disorder to order [15]. As long as we can 
determine the order parameter of the organization 
coordination network in major scientific and 
technological engineering, we can grasp its development 
direction by a series of methods and means. The aim of 
elements integration is to produce the desired order 
parameter and make it play dominant role. Ultimately we 
can double the overall function of the system, namely the 
creation of synergies. We need to create a favorable 
environment for its effects to play. In the government-led 
major scientific and technological engineering 
management process, the government s macro-control is 
the order parameter for the major scientific and 
technological engineering. Therefore we can control the 
direction of its development though the setting of certain 
powers or the binding of interests legally. 

F. The comparison and feedback of the results 
 In the dominant of order parameter, the organization 
coordination network will change from the disordered 
state of instability toward  a new steady state ordered, thus 
it can  have new  t ime, space and functional structural to 
achieve overall functional effects which is the ideal result 
of the collaborative management. However, we need to 
according to the feedback to determine whether it is the 
effect we pursue.  If it is, then we achieve the object ives 
of collaborative, otherwise, we need to return to the 
beginning of collaborative management to reconsider. 

IV. COLLABORATIVE MANAGEMENT CONTROL 

 As an indivisible part of collaborative management 
process, control plays an important role in  the successful 
implementation of collaborative management. Control is 
the rule of collaborative management process, without it, 
the process will not achieve the object ives of 
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collaborative management .The control in the process of 
collaborative management have two  types: the control in 
generation process and implementation process of 
collaborative management [16]. 

Fig.1. The collaborative management process of organization 
coordination network in major scientific and technological engineering 
 According to the analysis of ideas and contents in the 
collaborative management process, we design a 
framework for co llaborat ive management process, as is 
shown in Fig.1. The three processes of collaborative
management are interrelated and interactive ,as they play 
their respective functions and effects together, leading to 
achieve the goal of collaborative management finally 
which is the realization of synergies. Although the 
generation process is a sense of collaboration in 
collaborative management process, it is the starting point 
of the whole process. Therefore, the generation process of 
collaborative management is a prerequisite for the 
implementation process to run. However, the 
implementation process of collaborative management can 
produce the expected order parameter across a series of 
specific operations such as identification for collaborative 
chances, the pre-
value, communicat ion, the integration and configuration 
of elements and information feedback of the results, 
which bases on the generation process of collaborative 
management. Thus the order parameter can lead the whole 
system to develop orderly  and stably. The implementation 
process of collaborative management turns the 
coordination into reality in the generation process finally. 
As an important guarantee to achieve the effects of 
collaborative management, the control process of 

collaborative management throughout the whole process 
whether in the generation process or in the 
implementation. The control process plays an important 
part to ensure synergies to carry out smoothly.

V. CONCLUSION 

Every o rganizat ion coordination network of the major 
scientific and technological engineering needs to achieve 
the goal, which is also the ultimate pursuit of the co-
management implementation. However, the realizat ion of 
objectives is closely related to the operation status for the 
organization coordination network of major scientific and 
technological engineering. Besides, the operation status 
reflects the level of development of the organization 
coordination network of the major scientific and 
technological engineering. In  this case, the organization 
coordination network of the major scientific and 
technological engineering may reach a higher level of 
development, thus the primary problem that must be 
solved is to search effective management methods and 
tools to shorten the gap. The collaborative management 
objective is an effective way to shorten gap for it is not 
only consistent with the goal of organization coordination 
network for the major scientific and technological 
engineering, but it also has an advantage over the 
traditional management. However, it needs a series of 
processes to shorten the gap and control in the generation 
and implementation process of collaborative management. 
The processes includes identificat ion of collaborative 
opportunities, the pre-evaluation of elements
collaborative value, communication, elements to achieve 
integration, order parameter selection and management, 
the comparison and feedback of results and so on. 
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1Abstract - Reduction of state-owned shares is in an 
important measure in the process of deepening the reform of 
enterprises. Whether the reduction is realized enterprise 
value appreciation, remains to be more evidence. So far, 
views of the relationships between the proportion of state-
owned shares and enterprise value are actually inconsistent. 

the enterprise value, which brought by the reduction of 
state-owned shares. This article selects all the A shares of 
Shanghai & Shenzhen stock exchange, which proportion of 
state-owned shares has decreased greater than or equal to 
5% one-time since 2008, and after reduction the proportion 
is still greater or equal to 50% of the listed companies as 
samples. Using standard event study method to analysis 
cumulative abnormal returns of the 71 sample enterprises. 
But the results did not support the positive effect of 
reduction of state-owned shares. 

Keywords - Cumulative abnormal return, enterprise 
value, event study method, reduction of state-owned shares 

I. THE BACKGROUND AND PROCESS OF 
REDUCTION OF STATE-OWNED SHARES IN 

CHINA 

A. The background of reduction of state-owned shares 
1) The domestic background of the reduction of state-
owned shares in China 

State-owned share is composed of state shares and 
the national legal person share. In the early stages of the 
securities market of our country, state-owned enterprises 
to raise funds and increase energy through issuing shares 
in the capital market, but also formed the state-owned 
shares of major, not the special equity structure of listed 
circulat ion. With the market economy gradually establish 
and the continuous development of the securities market, 
the state-owned shares in the process of "a dominant" 
more and more outstanding, not only seriously restrict the 
development of our economy and the establishment of 
modern enterprise system, brought many d isadvantages to 
the corporate governance structure, but also infringes the 
interests of small and medium-sized investors. So then the 
government has adopted a series of measures to reduce 
the proportion of state-owned shares and realize its 
circulat ion. Our country many economists believe that 
reduction of state-owned shares is the measure to improve 
the business performance of enterprises, improve the 
corporate governance mechanis m, but also to raise a lot of 
social security funds, thus reduction of state-owned shares 
is the inevitable choice of deepening reform on the road in 
our country [1].  

                                                                
111SA047

2) The international background of the reduction of state-
owned shares in China

After many countries have been carried out a 
reduction of state-owned shares, the purpose is basically 
the same. Usually  in order to improve the operational 
efficiency of enterprises, improve the ownership structure 
of listed companies, improve the country's fiscal situation, 
to reduce the degree of government intervention to 
expand the scope of the market  mechanism, and other 
political and economic goals  [2]. 

In order to cut the deficit and solve financial 
problems, the British government began to implement 
privatization in competitive industries, establish 
innovation system such as undersell to ensure that 
privatization of powerful push. There were 55 enterprises 
privatized in British during 1977-1996, through 
calculating the Abnormal returns of these companies, 
found that in the first years after the privatizat ion of the 
enterprise average cumulative Abnormal return of 21%, 
the second year of 30%, in the fifth year is up  57%, 
explain the value of the state-owned enterprise 
privatization of enterprise brings positive effect. 

In facing serious losses of state-owned enterprises 
and the slow development in economic, Argentina's 
government began to implement the privatization in 1989.
Argentina's government also issued relevant laws and 
regulations, starting from the public utilit ies privatizat ion, 
then push to the industrial sector, including utilit ies partial 
privatization play an  important ro le. The privatization 
practice in Argentina for more than ten years, greatly 
promoted the development of the economy. 

France, as one of the larger proportion of the national 
state-owned economy in the developed countries, in order 
to achieve the separating government from enterprises, set 
up the national bureau of part icipation to  manage 71 large 
state-owned enterprises. National bureau of participation 
instead of the government to exercise shareholder rights, 
not directly involved in the daily management of the 
enterprise, but assigned national representatives stationed 
in the board of state-owned enterprises. In order to 
encourage the management of state-owned enterprises 
more efficient management of the enterprise, has taken 
equity incentive and performance bonuses and other 
incentive system. After the privatization, the government 
has been gradually withdrawn from competitive industries, 
currently distributed in the public service sector, and now 
the performance of state-owned enterprises in France are 
not worse than private enterprises.  

From the practice o f the above countries in terms of 
SOE reform, although with different characteristics, as the 
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core of reduction of state-owned shares are undoubtedly 
effective init iatives. Because of this, the reform of SOE in 
China also opens a feast of reduction of state-owned 
shares. 

B. The process o f reduction of state-owned shares in 
China 

Reduction of state-owned shares is in order to 
achieve the separating from government and enterprises, 
and make the enterprise become economic subject in 
market economy, laying the foundation for a fundamental 
transformation of the economic system and modern 
enterprise system, is an important move in deepening the 
reform of the enterprise. The reduction of state-owned 
shares by shrinking stock circulat ion, auction, state-
owned shares allotment, equity transfer of creditor's rights, 
stock repurchase and so on [3]. It has experienced four 
stages roughly: 

The first stage is the explorat ion of the pilot of the 
reduction of state-owned shares. The first transfer of state-
owned shares and the first state-owned shares repurchase 
in our country are both occurred in 1994. In September 
1999 through the "decision on the SOE reform and 
development issues" by a clearly stated, "without 
prejudice to the state-controlled premise, appropriate to 
reduce some state-owned shares." In December, state-
owned shares placing pilot started [4]. 

The second stage is the formal implementation of the 
reduction of state-owned shares. On June 12, 2001 sets of 
the "reduce state-owned shares to raise social security 
funds management interim measures", corresponding to 
this is the stock market reaction is strong, and sharply 
lower. Until June 23, 2002 reduction of state-owned 
shares is the pilot was forced to suspend. 

The third stage is the equity division reform of the 
reduction of state-owned shares. The reduction did not 
cease with the temporarily stop of the pilot. On April 29, 
2005, the SFC issued on the pilot reform of non-tradable 
shares of listed companies related issues notice, officially 
launched pilot marks the equity division reform [5]. So far 
the reform of non-tradable shares of listed companies in 
our country has been basically completed, solve the 
problem of the full circulation. 

The fourth stage is pushed forward the reduction of 
state-owned shares. On April 20, 2008 the SFC issued 
"listed company terminate the restricted stock share 
transfer guidance". On June 19, 2009, the state council 
decided to implement the transfer of state-owned shares in 
domestic securities market. In 2013 the th ird p lenary 
session of the eighteenth emphasized on the road for the 
reform of SOE, to improve the system of state-owned 
assets investors, optimize the evaluation system of state-
owned assets, to speed up the state-owned capital 
withdraw never has the advantages of industry and make 
more into the private economy. 

SOE reform in China has adopted more than 30 years, 
has obtained certain achievement. Decrease the proportion 
of state-owned economy, but the total assets growth 
significantly, control and influence also significantly 

increased. At the same time, improve the structure of the 
state-owned economy; improve the market 
competitiveness of state-owned enterprises. But there are 
still some disadvantages, such as the relat ionship between 
the government and the enterprise responsibility has not 
completely separate, SOE are not fully in accordance with 
the corporations to run, SOE is lack of innovative leading 
to the lack of market competitiveness, etc. 

II. THE INFLUENCE OF REDUCTION OF STATE-
OWNED SHARES TO THE ENTERPRISE VALUE 

A. The measure of enterprise value and its related 
research 

Enterprise value refers to the business forecast free 
cash flow to the weighted average cost of capital is the 
present value of the discount rate discount [6]. Commonly 
used to measure the enterprise value of the method is 
mainly  the book value and market value, among them, the 
book value refers to the enterprises listed in the balance 
sheet shows the value of the assets, can get directly from 
the enterprise statement. But due to different enterprise, or 
the same enterprise in  different  accounting period, the 
accounting policy adopted by the may also be different, 
be enterprise managers more easily  tamper with the report 
data, etc., so that greatly  reduced the book value of 
practicality. 

And in the practice of enterprise value assessment 
and theory study, people often choose to measure the 
value of the enterprise market value. Market value is to 
point to in the market  to sell the enterprise can get the 
price. If companies sell in the market, based on the 
rational economic man hypothesis, enterprise's sale price 
is the market value of the enterprise. In  an efficient 
securities market, the stock price of the enterprise is the 
estimate of the market for corporate equity value, namely 
the price of stock market can accurately and completely 
reflect all informat ion related to the price, including the 
enterprise the past performance and future development 
potential, etc. So, use market value can more d irectly and 
objectively reflect the recognition of the value of the 
company for people, but this kind of method shall not 

securities and exchange market. 
In theory study, for an enterprise to measure the 

change of market value, most scholars abroad use 
cumulat ive abnormal return (CAR) to examine the 

scholars use cumulat ive abnormal returns to evaluate the 
enterprises value. 

B. The influence of reduction of state-owned shares to the 
enterprise value 
1) Related research of domestic scholars 

Despite the reduction of state-owned shares as a 
national policy implemented in our country, but domestic 
scholars views on the relationship between the proportion 
of state-owned shares and corporate performance are very 
inconsistent [7], mainly  divided into two opposing camps. 
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Side of the research results to support the reduction of 
state-owned shares, they think that state-owned shares is 
negatively related to the performance of listed companies, 
the relationship between the reduction of state-owned 
shares is bring positive effect to the enterprise value. But 
on the other side of the research conclusion is state-owned 
shares is positively correlated with the performance of 
listed companies [8], the relationship between the 
reduction of state-owned shares is value for the enterprise 
to bring negative effects. Among them, Li-hui Tian (2005) 
considered the relationship between the proportion of 
state-owned shares and corporate performance showing a 
U-shaped curve [9]. 
2) Related research of foreign scholars

Foreign scholars for the study of the relationship 
between state-owned shares and corporate performance 
have not reached a consensus. The first is that there is no 
correlation between state-owned shares and corporate 
performance. The second is considered a positive 
correlation between the state-owned shares and corporate 
performance. The third is considered a negative 
correlation between the state-owned shares and corporate 
performance. So far, v iews by domestic and foreign 
scholars about what is the relationship between the 
proportion of state-owned shares and enterprise value is 
not consistent, about the effects of reduction of state-
owned shares is the enterprise value how is hard to say.

According to the existing literature collection, 
although scholars study for the relationship between the 
reduction of state-owned shares and corporate 
performance are very rich, at the same time, adopt the 
method of cumulative abnormal returns for calcu lation 
analysis of the performance of mergers and acquisitions, 
more for the relationship between the reduction of state-
owned shares and the enterprise value of direct research 
literature, especially the empirical research literature is 
less. This article try to calculate and analysis the CAR 
before and after of the reduction of SOE, to fu rther 
explore the impact of reduction of state-owned shares is to 
the enterprise. Measure the value of SOE after reduction 
the main content of the evaluation, as well as whether or 
not to continue for the future implementation of reduction 
of state-owned shares is the policy  to provide the 
reference. 

III. EMPIRICAL TEST ON THE REDUCTION OF 
STATE-OWNED SHARES OF LISTED COMPANIES 

AND ENTERPRISE VALUE IN OUR COUNTRY 

A. Research methods
In this paper, using standard event study to test the 

effect for the reduction of state-owned shares, taking the 
market model to measure the normal returns of enterprise 
stock. Set the reduction day as the event date, namely t0. 
Set [-20, 20] for the event window, set [-100, -21] for 
estimate period.  

B. Sample selection 
In order to explore the influence of reduction of 

state-owned shares to the enterprise value, referring to 
Henk Berkman in "Improving corporate governance 
where the state is the controlling block holder: Evidence 
from China" the art icle adopt the method of choosing 
sample [10], choose the listed on the Shanghai stock 
exchange and Shenzhen stock exchange among all the A 
shares, since 08, proportion of state-owned shares one-
time reduced is greater than or equal to 5%, and after 
reduction, proportion of state-owned shares accounted 
still g reater than or equal to 50% of the listed companies 
as the sample. 

For the d ispersed equity enterprise, even if the major 
shareholders hold the proportion of shares less than 50%, 
but may still be in control. But for the different enterprises, 
don't lose control may have differences. So this article 
uses the simple principle, selection of state-owned shares 
of 50% or more as a symbol of SOE. 

There are total 80 enterprises meet the sample 
selection criteria by screening CSMAR database, of 
which 9 companies due to the incomplete data could not 
be empirical research then have been dropped, after 
excluding these enterprises, a total of 71 valid samples. 

C. The empirical process 
1) Build the model:

Calculate the stock real returns: 

)1(

)1(

t

tt
t Pi

PiPi
Rs

                                                 (1) 
Calculate the market real returns: 
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This paper used in the process of empirical Shanghai 

a-share index and Shenzhen composite a-share index 
returns as A market returns, because the selection of 
sample companies from a-share companies. 

By using the market model, calculate the normal 
returns of stocks: 

tt RmbasR *~
                                                     (3) 

The stock window abnormal returns: 

ttt sRRsAR ~
                                                     (4) 

Average abnormal returns: 
n

i
ARi

n
AAR

1

1

                                                      (5) 
The CAR of the stock in the window period [t1, t2]: 

2

1

t

tt
tARCAR

                                                     (6) 
All the sample average cumulative abnormal returns 

(ACAR): 
n

ii
CARi

n
ACAR 1

                                                   (7) 
Involved in this paper, all the data are derived from 

CSMAR database, [-100, 20] research data according to 
the manual interception, using Eviews6 measurement 
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software for statistical analysis , at the same t ime with 
Microsoft Excel as auxiliary. 
2) The empirical process 

returns and market real returns based on the 80 days of 
data, then carries on the least squares estimation of each 
sample enterprise parameter to establish the model, and 
then substitute the window data into the model to 
calculate the sample companies normal returns during the 
event window period, abnormal returns are according to 
real returns minus normal returns. Finally, summarized 
the sample data, got all the sample AAR and ACAR. 

In order to describe in detail for empirical process, 
with 000011 deep properties company A as an example to 
illustrate this. On January 24, 2013, the company occurred 
the reduction of state-owned shares, namely 2013-01-24 
as the event date. According to the method described 
choose 80 session's data to estimate the sample period 
from CSMAR database, namely  on Aug. 24, 2012 to  Dec. 
21, 2012; Then capture data from 41 days as the event 
window, on Dec. 24, 2012 to Feb. 28, 2013. 

Firstly using ADF unit root test to examine (3)
tt RmbasR *~  model o f the independent variable of Rmt 

level sequence, to optimize the fitting degree and improve 
the accuracy of the results of the model, the results shown 
in Fig.1 as follows: 

Fig.1. 00001Rmt sequence ADF stationary test  
Can be seen from the above, ADF unit root test 

statistics for 8.229972, less than 1% under the level of 
4.07842, so it can significantly reject the null hypothesis, 
that there is no unit root. 

Secondly using Eviews6 software measurement 
least-square method to estimate the parameters of the 
model, the result is shown in Fig.2:

Fig.2. Estimated regression model 
Set up the sample estimates of the regression model: 

tt RmsR *182644.1001082.0~

Thirdly carrying on the residual error test. White 
heteroscedastic inspection at first: 

Fig.3. White heteroscedastic test  of regression model 

Shown in  Fig.3, accord ing to the test of white 
statistical value of 0.7022 is greater than the significance 
level of alpha value, therefore refused to exist 
heteroscedastic null hypothesis, that there is no residual 
difference variance. 

Then B-G residual autocorrelation test: 

Fig.4. B-G residual autocorrelation test. 
According to the Fig.4 B-G residual autocorrelation

test statistic value p=0.2694 is greater than the 

original assumption, namely there is no regression. And 
because the regression statistics of 2.079422 D-W, can 
think that there is no residual autocorrelation. 

According to the above steps after the inspection, 
considered that 000011 estimated regression model has 
good prediction effect. According to the established 
model to calcu late abnormal returns and CAR, the results 
are as Fig.5: 

Fig.5. 00001
By the above it can be seen during [ -5, 0], the 

company's abnormal returns of stock price fluctuation is 
bigger, reduce the previous peak of 0.0844, underweight 
fell sharply to 0.0308 on that day, five days after the 
holdings of shares has negative abnormal returns, then has 
hovered near zero; CAR in volat ile  during [ -10, 0], 
reached the peak 0.0772 on the day before the reduction. 
Underweight showed a trend of accelerated decline, after 
18 days fell to the lowest 0.1178. 
3) Build the model:

According to the above method one by one to 
calculate the samples of abnormal returns and the CAR, 
getting the sequence of AR and CAR, then according to 
the formula (5), (7) stated to calculate the all samples 
AAR and ACAR, the results are as Fig.6: 

570 Y. Xiang and R. Fu



Fig.6. -20, 20]
From the above it  can be seen that the AAR has been 

zero value fluctuates up and down, wave 0.0055 a 15 days 
before reducing, the lowest 0.0076 occurred  at the 
reducing date, AAR has no obvious trend; ACAR during 
the window period has been less than zero, especially [5, 
0], a sharp decline, fell to 0.0249 when t0. In general, the 
reduction of state-owned shares 71 before the event did 
not bring our expectations are ACAR, AAR in both 
before and after the reduction is  roughly in the normal 
range fluctuations, ACAR has obvious decline. 

IV. RESEARCH CONCLUSIONS AND 
DEFICIENCIES 

This article system elaborated the current popular 
standard event study at home and abroad, the application 
of the reduction of state-owned shares is to calcu late the 
happen abnormal returns and CAR in the enterprises are 
studied the impact of reduction of SOE. This article 
selects the listed on the Shanghai stock exchange and 
Shenzhen stock exchange among all a-share companies, 
since 08, proportion of state-owned shares reduced one-
time is greater than or equal to 5%, and after reducing the 
proportion of state-owned shares accounted still greater 
than or equal to 50% of the enterprise's share, using the 
standard event study method, to calculate its estimated 
period [-100, -21], window [- 20, 20] the AAR and ACAR, 
after the comparat ive analysis it is concluded that 
reduction of state-owned shares didn't bring positive 
effect to the enterprise value conclusion. Get this 
conclusion of the empirical testing; I think the possible 
reasons are the following: 

Firstly, our capital market lack of effectiveness. This 
paper selects the market model to calcu late the normal 
returns, but our securities market is not perfect enough, 
market  model is not necessarily the most appropriate, thus 
in the process of calculating beta coefficient may produce 
larger error, will cause the results of a certain deviation. 

Second, the system construction of reduction of 
state-owned shares in China is still a gap. Since proposed
the reduction of state-owned shares, government issued 
the corresponding system is relatively s mall. However, 
the market situation of our country needs the appropriate 
system to be constraints and specifications. 

Third, the study sample may have limitat ions . Due 
to the ability and the time limit, this article does not 
research on other listed companies except a-share listed 

companies. And changes in the book value of the sample 
companies are not being studied, ignoring the relat ionship 
between state-owned shares and enterprise book value. 
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1Abstract

component of cost is complex, and the method of cost 
accounting is confusing. In order to better manage and 
control healthcare costs, we explore the use of Time-Driven 
Activity-Based Costing (TDABC) in this study, and describe 
the particular procedure of application in healthcare, track 
expenses incurred in the hospital, and then simply apply this 
method to a kind of surgery in West China Hospital as a case. 
In the end, we attempt to point out the advantages and 
adaptability of this method for cost accounting in hospital. 

Keywords - Cost accounting, cost-driver rate, health 
service, TDABC 

I. INTRODUCTION
 Along with  the development of healthcare industry,
an aging of population and the changes of disease 
spectrum, healthcare costs have been rising at alarming 
rates for decades, bring about a heavy social and global 
economic burden on communities and countries. How to 
lower cost and meet cit izens' needs for health service is a 
common challenge when global countries facing health 
care reform. The costs of healthcare in the United States 
are the highest in the world, in  2012 U.S. the total amount 
of healthcare costs was nearly 18% of GDP and continue 
to rise [1]. In China, the total cost of healthcare is 502.5 
billion in 2001, it reached 2.78 trillion in 2012, and the 
cost of healthcare are growing faster than the growth of 
GDP, by 18.8% and 7.7% [2].  

In the hospital systems, cost construction of health 
service is complex, including direct costs, indirect costs, 
administration costs, etc. Department shall be the unit for 
most of the current hospital cost accounting system, 
healthcare managers often allocate their costs to 
procedures, departments, and services not based on the 
actual resources used to deliver health services but on 
how much they charged. Patient pathway are complex, 
often involving in mult iple departments, consequently, it 
is difficu lt to estimate the range of cost clearly for 
outpatient visit or disease cost. Under the condition of the 
lack of accurate cost accounting system, health services 
charge deviation cost, medical insurance claims deviate 
costs, and the difficulty  and expense of medical services
have long plagued our society, they are the two major 
problems in China's health system. 

Under the background of the rapid  growth and 
complex management in healthcare costs, this paper 
devoted to manage and control the cost better, main ly 
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research on how to use the method of cost accounting 
Time-Driven Activity-Based Costing (TDABC). 

II. METHODOLOGY 

 In order to overcome the difficult ies inherent in 
traditional Activ ity-Based Costing (ABC), professor 
Kaplan at Harvard University (2004) [3] put forward a 
new cost accounting method TDABC based on the theory 
of ABC, which uses time equations to resolve the 
assignment of resources to activities. At present, there are 
more than one hundred companies in foreign countries 
who implemented the method TDABC successfully, and
have achieved good results. Brugemann (2005) [4] and 
Everaet (2008) [5] applied the theory and method of 
TDABC to logistics, compared the costs allocation 
accuracy with traditional ABC, and proved that TDABC 
can improve the profitability of company-understanding 

TDABC in the library, which  proved that this kind of cost 
accounting method can clearly calculate and reduce the 
service cost of cooperation. Demeere (2009) [7] tested the 
method of TDABC in healthcare contexts, and they 
implemented an interesting case study in outpatient clinic, 
in which they pointed out that the method can improve 
medical service of hospital and provide better supply 
chain. Szychta (2010) [8] suggested the method of 
TDABC is a powerful tool for profitability analysis which 
is applied mainly in the service industry and is suitable for 
time equations. French (2013) [9] described the use of 
TDABC in a clin ic setting to quantify the value of process 
improvements in terms of cost, time and personal 
resources. The research showed TDABC allows for 
quantification and evaluation of value in process 
improvements. Chan (2005) [10] compared the two kinds 
of approaches, traditional ABC and TDABC, in which 
they proved TDABC can provide more accurate, prompt 
and decision-related cost informat ion. Min (2007) [11] 
implicated TDABC to calculate the cost in logistic 
companies, proved that it is suitable for the complex 
environments and easy to update. Huang Cheng li (2009) 
[12] have taken 
hospital departments as an example, mainly focusing on
the advantages and application in healthcare industry of 
TDABC by comparing with traditional ones. Zhao (2011) 
[13] made a literature review from ABC to TDABC, and 
then pointed out the direction of research in the future. 
Wang (2013) [14] built a total cost allocation model based 
on TDABC to exp lore how to use it to improve the 
hospital cost accounting system, which  concluded the 
method plays positive role in raising the level of hospital 
cost management and provides useful references and 
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scientific basis for the formulation and revision of 
medical service fee. 

According the findings of those studies, TDABC 
assigns the overhead costs only into the one time 
equations, comfort and deal with complicated operation 
processes. Furthermore, the model is easy to update, 
discovers the possibility of unused capacity and provide 
more accurate cost information,  which is suitable for 
application in the medical services. The fa mous professor 
at Harvard business school, Michael E Porter (2011) [15] 
pointed out that the poor costing system and insurance 
reimbursement are the root causes, when considering  
America's problem about the rapid growth of healthcare 
costs, and he proposed to apply TDABC for balancing the 
cost and outcomes. He exp lained the enlightenment of 
how to establish a new costing measure system with 
consideration to value maximization. 

Although the scholars have exp lored the applications 
of TDABC in some aspects, including the applications in 
the healthcare industry. But scholars has not paid enough 
attention to the relevant research about the application 
process and the practical application in the healthcare 
industry and published only a few papers on it. Therefore, 
in order to better control the rapid  increasing of medical 
cost, this paper attempts to research on the princip le of 
TDABC, and describes the particular procedures of 
application in healthcare  contexts, and then uses it in a 
certain surgery as case study. In the end, we t ry to point 
out the advantages and adaptability of this method for cost 
accounting in hospital. 

III. APPLICATION AND ANALYSIS

A. Example 
Compared to the method ABC, the main improvement 

of TDABC is that introducing the time equation to the 
method ABC, regard ing time as the basis of allocating 
resource costs, and conducting reliable estimation of the 
effective operation time and the unit activity 
time-consuming to  calculate the cost share of the unit 
activity. The advantage and breakthrough of TDABC 
method depend on the estimation of time; moreover,  
TDABC  application needs to estimate the amount of 
complete time of the unit activ ity rather than the ratio that 
the complete time of the unit activity div ided by the 
whole work t ime. TDABC model mainly calculates cost 
driver rate, regarding the time as calculating basis. Cost 

driver rate equals that the capacity cost rate * times the 
unit activity cost of activity capacity (time); in the 
equation, capacity rate equals that the whole resource 
costs are divided by expected availab le capacity (time). 
So the whole costs can be calculated by the following 
equation (1). 

1
( )

n

i i
i

C t rt (1)

The other advantage of TDABC is that the time 
differences required for different act ivity types are put 
into the time equation. Increasing the number of items of 
the model can calculate the time required for d ifferent 
services. Operation (2) time-consuming denoted by T. 

T= (2)
1 is the standard time of based activity,  is the 

extra act ivity time. For example, ord inary patient 
registration time is 2 minutes, however the init ial 
registration patient needs 2 + 1 minutes. 

We take calculating the total costs of certain  types of 
patients A seeing the doctors as a simple example 
applying the TDABC method. Assuming the process es
and paths a patient experienced only need to use three 
kinds of resources, respectively administrative staff, 
nurses and doctors, as shown in Fig.1. 

Fig.1. The main activities to see a doctor 
 We estimate the parameters required  in the 
calculation, the t ime of provid ing services to patients 
needs 0.3 hours for administrative staff, the time of 
providing check-ups spends 0.4 hours by nurse, the time 
of providing advice and diagnosis needs 0.25 hours by 
doctor. Then we can  calculate the capacity cost rate. For 
nurse in this example, we calculate the total resource costs 
including not only the salary and welfare but a lso the 
indirect costs generating in the service process such as 
management, space, equipment, communications and 
other costs. By calculating the total cost of the nurses is 
18,000 Yuan per month, the work days per month 
removing the number of days without work is 20 days all 
the same, the work time per day removing the rest, 
meeting and teaching is 6 hours.  

TABLE I 
THE CALCULATION OF TDABC 

 Thus, estimated available capacity adds up to 120 
capacity cost rate is 150 Yuan per hour, in 

the same way, we can calculate the capacity cost rate of 
administrative staff is  80 Yuan  per hour, the doctor is 340 

Yuan per hour. The total cost of patient A in the hospital 
= 0.3 * 80 + 0.4 * 150 + 0.25 * 340 = 169 Yuan. As it is 
shown in the Table I, if there is a special case of the 
patient (such as the existence of complex ill conditions of 

Registation
(Administr

ator)

Inquiry and 
fill th files 

(Nurse)
Consultatio
n (Docter)

After 
consultatio

n (Ad.)

Personnel Capacity cost rate The quantity of time Capacity cost The quantity of time Capacity cost
Administrator 80 0.3h 24 0.3h+0.05h 28
Nurse 150 0.4h 60 0.4h+0.1h 75
Doctor 340 0.25h 85 0.25h+0.2h 153
Total cost 169 256
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patients), the variation of time is added into time equation 
to calculate the total cost, the total cost is 256 Yuan. 
Using the time equation method TDABC automatically 
allocates resource cost to each operating. TDABC 
calculates the complex activ ity costs with a simple 
method, and can be flexibly  updated all the same,  and can 
provide accurate cost information for managers to meet 
management needs. 

B. Analysis 
TDABC method is applied to medical field, in which 

expected available capacity is denote as the amount of 
actual work time removing the amount of id le t ime for 
activity object. In  order to account the total cost generated 
by providing services to patients with  a certain type of 
disease. Exact cost system must take into account all the 
resources that will be used as providing health services to 
patients, which usually involves a variety of different 
resources: personnel, equipment, space, medicine and 
supplies, etc. Applying the method TDABC, by 
estimating the capacity cost for each resource and the 
time-consuming act ivity, we can  exactly  measure the total 
cost generating in the medical system. Applying TDABC 
to re-measure cost in the medical environment, we design 
the initial steps which are shown in TABLE II: 

TABLE II 
THE PROCEDURE OF TDABC IN HEALTHCARE 

STEPS CO ST ACCOUNTING MODEL
1 Selected disease.
2 Determine the process map and the activities  

contained in the process.
3 Obtain the time estimates of each activity in the process.
4 Determine the cost of providing health care resources.
5 Estimate actual capacity of each resource and calculate 

the capacity cost rate.
6 Calculate the total cost.

1) Select disease. 
 Firstly, what disease and what kind of d isease 
condition would be chosen clearly to calculate the cost, in 
the beginning stage, we can choose a kind of simple 
disease without the complications which has relatively 
mature and stable treatment techniques. After maturely 
accounting the simple d isease, we further take into 
account a kind of complex disease which has the 
complications and comorbidities. At this point, on the 
basis of a single disease, we conduct a more detailed cost 
accounting for complex disease with all kinds of 
complications. 
2) Determine the process map and the activities 
contained in the process. 
 Process map covers the major pathways of patient 
treatment process, the changes of pathway which will also 
be reflected in the process map. Second, make sure the 
required resources for each activ ity in  the process map, 
which includes direct and indirect resources, such as 
personnel, equipment, drug and supply, as shown in Fig.2 
(does not show all resource information). 

Completes 
paper work and 

administers 
new Pt 

questionnaire

Takes Pt’s vital 
signs and inputs 

answers from 
triage tool 

questionnaire 
to POTT

Is an EKG 
needed?

 Completes EKG

Pt leaves

Yes

No 

5
10

10

20

Fig.2. The Process of Anesthesia Assessment Center (From Katy. 
2013[9]) 

3) Obtain the time estimates of each activity in the 
process. 
 Based on the process map, we determine the time that 
patient experienced in every step as shown in the process 
or estimate the t ime of every resource used. If the process 
time is short and has small variance, standard time can be 
adopted. Considering the time-consuming and 
unpredictable flow, we can adopt the exact register t ime. 
The time estimates can be figured out by the professional 
medical team, with the further improvement of RFID and 
data informat ion systems, we can also achieve the time 
through more scientific methods such as statistical 
regression. Fig.1 shows the required activity time in the 
process. 
4) Determine the cost o f providing health care 
resources. 
 Estimate the direct costs of a variety of related 
resources in patient treatment, as well as indirect costs 
and ancillary costs that must be considered. Including 
human resource costs (described in the above example), 
as well as equipment costs and depreciation expenses, 
medical supplies, operation and management costs, etc. 
5) Estimate actual capacity of each resource and 
calculate the capacity cost rate. 
 For example, the actual capacity of the staff is equal 
to working hours per day minus the rest, teaching, 
meet ings and other time that has nothing to do with the 
patient, etc. similarly needing to estimate exact capacity 
of the resources as well as equipment. It is generally 
believed that the actual capacity account for 80% -85% of 
theory capacity, it also can use more scientific methods 
such as data analysis and other statistical regression to 
determine the actual capacity. In  order to calculate 
capacity cost rate, the total cost of resource consumption 
in the previous step divided by the actual capacity, we can 
get a ratio that is the capacity cost rate. 
6) Calculate the total cost. 
 We get the cost driver rate of each operation through 
the capacity cost of individual resources that each patient 
used in the process (including related auxiliary costs) 
multip ly by the time of the resources patient used. To plus 
the patient cost of various activities in  the process is equal 
to the total healthcare cost of patients. 

C. Case study 
This paper applied the method simply considering a

kind of otolaryngology surgery as a case in West China 
hospital. Through the data analysis of 147 cases within a 
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year of the surgery, with the total expense 625,255 
thousand Yuan. There are four time points in the cases of 
surgical procedures, which can be divided into three 
processes, including preparation time, surgery time and 
clean-up time. We have obtained the figure of these three 
time periods based on data analysis, showed in TABLE 
III. 

TABLE III
THE TIME OF EACH PROCESS 

ITEM TIME (Ave.)
Preparation time 45min

Surgery time 125min
Clean-up time 17min

Total t ime 187min
 The procedure of preparation can be completed by 
two nurses, surgery performed  by two nurses and a doctor, 
cleaning performed by two nurses, and then by calculating 
the capacity cost rate of them, we can  get the capacity 
cost rate of nurse is 5.21YUAN/min and doctor is 
11.45YUAN/min. Other calculat ion about cost is shown 
in the TABLE IV below. 

TABLE IV
THE CALCULATION OF COST  

ACTIVITY Capacity cost 
rate

(YUAN/min)

Time
(min)

Total t ime
= *147 
(min)

Total cost
= *

(YUAN)
Preparation

(2N)
10.42 45 6615 68928.3

Surgery
(2N+1D)

21.87 125 18375 401861.25

Clean-up 
(2N)

10.42 17 2499 26039.58

 Comparing the calculated cost and actual cost 
informat ion, there is a qu ite big  difference, accounting for 
a 20.54% difference of the calcu lated cost actual total cost. 
As the following TABLE V. 

TABLE V 
THE DIFFERENCE BETWEEN THE CALCULATED COST AND 

ACTUAL COST  
ITEM TOTAL COST(Yuan)

Calculated cost 496829.13
Actual cost 625255.67

Gap between them 128426.54
 In addition to the existence of calculation errors, we 
concluded that through the calculation there is the 
presence of underutilized capacity in the surgery, which 
provides a basis for the subsequent process optimization 
and cost control. According to the results, we could 
concentrate on process improving and cost controlling in 
the future research.

IV. DISCUSSION 

The advantages of using the method TDABC in 
healthcare contexts  are as following: 

(1) Using TDABC for healthcare cost accounting is 
easy to operate. Although there are many processes and 
activities in the hospital,  healthcare belongs to service 
sector which the work t ime can be considered as the main 
cost driver. We can not only observe or analysis the 
service time of personnel and equipment, but also can 
obtain time estimates for each process. TDABC is able to 
encompass special aspects of particular activ ity into the 

one time equation so the model can be quickly updated. 
And the principle of TDABC is easy to understand, not 
complex, so the method TDABC is applicab le in a 
hospital. 

(2) TDABC is help ful to enhance the management 
and efficient to improve the capacity utilization. The 
complexity and uncertainty of health services have greatly 
increased the difficu lty of cost management in hospitals,
the method TDABC can estimates and calculate the time 
of complex service t imes accurately based on the rich data 
resources of ERP and HIS system, which  makes it  easy to 
calculate the cost of each unit activ ity. Applying the 
method can create the necessary conditions for 
health-service-price reform and DRGs. Meanwhile, the 
use of TDABC can  objectively  reflect  the consumption of 
resources; simultaneously, it also discovers the possibility 
of unused capacity, improves operational process, 
respects interaction between time drivers, and detects the 
process without value in the way of trace of costs and 
changes in every activity. 

(3) TDABC can assess the performance of hospital 
personnel while provid ing a scientific basis for improving 
process efficiency and saving cost. The application of 
TDABC can calcu late the capacity cost of each physician 
and staff, and combining with the assessment of patient 
outcomes etc., it can be used as medical staff perfo rmance 
evaluation index. And then, after healthcare managers 
understand the cost clearly, they can recognize that they 
should allocate the personnel of high capacity cost to 
focus on high-tech level of work skills.  

TDABC not only helpful of the design of new 
accounting and informat ion system, but also brings  the 
opportunities to improve the value in healthcare. However, 
there is a big  question that whether the method can be 
used in healthcare industry comprehensively. For example, 
how to take all costs incurred fully into account with this 
method, how to divide the unclear activities, and whether 
this is appropriate to use the standard time. These 
problems need further research and exploration. 

V. CONCLUSIONS 

 For a long t ime, the high cost of health services, the 
rapidly rising costs bring enormous pressure to 
government and patient, TDABC is used to calculate the 
actual cost of hospital and to adjust the charge and 
insurance payments, as well as plays a positive role in 
health reform. In many hospitals abroad, it have begun in 
the trial run and expanded the range of application, but 
whether the method TDABC is suitable for the special 
complex situation in China, and how to become suitable 
for China's healthcare cost accounting model also requires 
more exp loration. Finally  there are some potential areas 
for further research. 
 (1) Combining DRGs together to establish a new cost 
-payment model. DRGs  is known as diagnosis-related 
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group, which is a kind of medical resource consumption 
intensity as the axis of grouping a case classification, and 
also is recognized as one of the more advanced payment 
in the world currently. Combin ing the DRGs with 
TDABC costing mechanism to establish a new accounting 
system according to the disease, forming a medical 
insurance method based on disease, and then building 
bundle payments mechanism for hea lth service in above 
foundation are absolutely important for health care service 
systems. 

(2) Combined with the clinical path. Clinical 
pathways, also known as care pathways, crit ical pathways, 
integrated care pathways, are one of the main tools used 
to manage the quality in healthcare concerning the 
standardization of care processes. It has been shown that 
their implementation reduces the variability in clin ical 
practice and improves outcomes. In recent years, clin ical 
pathways were vigorously promoted in hospitals; the 
ministry of health  in  December 2009 formulated and 
issued the "clinical pathway management guidelines 
(trial)"and "clin ical path management p ilot scheme". The 
implementation and promotion of Clinical Pathway 
provide more realistic foundation for application of 
TDABC.  
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Abstract - As the world car industry grows, car market 
competition intensified. How to find new marketing mode 
has become the car companies actively seeking a major 
breakthrough. The desalination advertisement publicity of 
dominant trait, will own brand and product clever film and 
television media, network game implanted sports events, 
education and training, and some popular form of mass, 
often can have the ideal brand spread and product 
promotion effect. This topic is trying to analyze the 
characteristics of implantable marketing, approach, the 
principle, construct a car implantable marketing mode of 
operation analysis its limitations and put forward some 
countermeasures.

Keywords - Automobile implantation marketing, 
operation mode, operation strategy

I. INTRODUCTION 

With the continuous development of world 
automobile industry, competition in the automobile 
markets is more and more severe [1, 2]. Good marketing 
strategy becomes an important index in measuring the 
development prospect for an automobile company. It
seems that traditional market ing modes cannot satisfy the 
severely competitive automobile markets [3-5]. And
automobile companies are compelled to explore new 
transmission and marketing modes. Implant marketing is 
developing rapidly abroad [6]. And with its heat, Chinese 
automobile  companies are starting to explore new types 
of marketing modes [7]. Automobile implant market ing, 
refers to the marketing means to strategically  integrate
automobile products, brands, representative visuals, 
sounds, symbols, even service contents into media, 
activities, and events, via reproduction of the scene,
unknowingly leave good impression of products and 
brands on people s minds, and reach brand promotion 
and product marketing [8, 9]. 

II. PRINCIPLE OF AUTOMOBILE IMPLANT 
MARKETING 

A. Implant carrier should be consistent with brand 
positioning 

During  the operation process of automobile implant 
market ing, it  is necessary to select implant matrix 
compatible to brand features and market positioning. If
implant marketing promot ion is conducted randomly, 
expected effects cannot be reached. And it may also 
make the brand image looks undetermined, even damage 
the brand image. Mazda Atenza in movie Go Lala Go ,
as another example, is positioned at fashionable 

white-collar. Mazda Atenza naturally  integrated into the 
scenes of the movie, displayed the white-collars 
preference towards the brand and model, and led market 
consumption. As senior model, Mazda Atenza speedster 
integrates the advantages of sports car and limousine, 
and reflects the perfect combination of personalized 
appearance, superb sports and high level equipment [10].
It is consistent with the qualities of the main characters 
in the representative story. And it demonstrates the taste 
of elites for vitality, and enjoyment of driving. 

B. Implant brand should possess certain reputation 
In utilizing automobile implant marketing, it  should 

be taken into consideration that the implant  brand should 
have certain reputation. Such is human nature that when 
you watch a movie, television series, entertainment 
program, sports game, or plan online games, main 
attention is paid to the characters and story line in the 
movie o r television series, interesting things and passion 
in sports games, and scenes and experiences in games. 
Brands and symbols hidden are not proactively paid 
attention to. Yet, if the implant brand is familiar to the 
audience, the impression will be profound. Take the logo 
of three pointed star  of Mercedes-Benz in tennis 
tournaments for example, it is because the brand of 
Mercedes-Benz itself possesses certain popularity, the 
fans are more easily to remember and pay attention to the 
logo [11].

C. Implant brand or product should have individualized 
differentiation 

The fact that implant automobile p roducts or brands 
possess personalized differentiation is a supporting 
condition for the success of implant market ing. 
Automobile implant marketing is a kind of 
comparatively hidden advertising promot ion. It is not as 
evident and exposed as traditional advertisements. How 
can the audiences be enabled to notice it when watching 
the implanted matrix, and stimulate their 
sub-consciousness to achieve the purpose of promotion? 

This requires the implant products or brands to 
possess unique personalized features, so that it can be 
distinguished from other products of the same type. 
Hence, requirements for implant are h igh. Products or 
brands must be highly compatible with implant matrix, 
harmonious with story line, and able to present its sown 
style and personality. For example, in television series 
Love Stories at the Countryside 3 , Chevrolet Sail 

sedan is the scooter for Xiao-meng WANG and 
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Yong-qiang XIE. Via tenaciously struggling and pursuit 
of the characters in the story, the market ing target of Sail 
brand is stressed at Chinese families in growth [12, 13].

D. Implant marketing activities should be conducted 
consistently 

One of the biggest features of automobile implant 
market ing is the hidden of information. Consistently 
keep implant activity going on is a feasible and effective 
way to ensure the continuous demonstration of products 
and brands. For example, the world known three 
pointed star  logo of Benz, had kept 12 years of brand 
naming and sponsorship for ATP Tennis Masters 
tournament ever since 1996. Hyundai-KIA has been 
associated with the World Cup ever since 1999. 
Education and training for Chinese technical workers are 
conducted by Toyota one step after another. These 
successful cases tell us, if automobile companies wish to 
obtain the richest returns from implant marketing, the 
implant act ivity must be carried on. Consequently, 
implants in movies and television series by automobile 
companies follow this rule, and possibly visualized 
implant products repeatedly to reach expected effects 
without arousing dislike of the audiences  [14, 15]. 

III. AUTOMOBILE IMPLANT MARKETING 
CHANNELS 

A. Movie and TV Media Implant 
Automobile and television programs, the two 

greatest inventions in the late 19th century are connected 
seamlessly after their births. The manufacturing of a 
good television program demands a lot of money. And 
the transmission and popularity of a good television 
program is borderless. Automobile companies cannot 
neglect this superb promotional platform. Integrating 
automobile products and brands into movies and 
television works, can effectively bring out brand image, 
and display the functions of the products. The unique 
left-right parallel four-wheels drive system and 
horizontal motor of Subaru grant drivers with free 
driving experience. Via implanting in movie You Are 
the One , Subaru perfectly combines the essence of 
automobile products with modern emot ional life, makes 
the automobile live, and in the v iew of many of the 
audiences. 

B. Internet Game Implant 
Since the entry o f the internet in  China market back 

in the 1990s, network media is occupying a more and 
more important position among public media in China. 
According to relevant data, the number of internet users 
is increasing rapidly in China. The total number of 
internet users of China ranks number one in the world. 
Speedy development of network media, o ffers more 
business opportunity for automobile companies, and 

creates more sufficient channels and space for promotion 
and marketing. Delivering product informat ion to target 
consumer groups via network media is a feasible and 
effective way. 

For automobile industry and network media, the 
generation with the development of internet will become 
the mainstay of the society. They gradually grow to 
become potential consumer group that cannot be 
neglected for automobile consumption. Network games, 
as the medium that best affect game p layers, 
unknowingly affect and lead the potential consumption 
group. In 2009, FAW Volkswagen and network game 
operator Shanghai Joyzone Network Co., Ltd. formed in 
cooperation, and implanted high performance Sagitar
newly launched in  the market into large-scale network 
racing game Racing  run by Joyzone. The 
communicat ion platform of network game with extensive 
pool of audiences was fully utilized. Brand new medium 
and presentation methods were adopted, to dis play the 
quality performance of Sag itar  to potential consumer 
group among Chinese game players. 

C. Sports Events Implant 
Basketball, football and other sports  have won the 

hearts of people. Large scale sports events such as the 
World Cup, the Olympics, and the Asian Games have 
grabbed the eyeballs of audiences around the world. 
Implanting company image, products and brands via 
naming and sponsorship in such major events, not only 
establishes company image rapid ly, but also improves 
brand reputation and company influence. 

According to estimates, under similar investment 
spending, the returns of implanting in sports events to 
automobile companies are of mult iples to traditional 
advertising modes. Such feasible and effective 
promotional mode is more and more favored by 
automobile companies.  

Shanghai Volkswagen was one of the excellent 
partners for the 2008 Beijing Olympic Games. It
successfully implanted company brand in  Olympic 
events, and obtained fruitful results. The company 
culture philosophy Pursuit of Excellent, Fight to 
become the First  of Shanghai Volkswagen, is consistent 
with the spiritual level of Olympics Higher, Faster, 
Stronger . The theme dynamic of Share Olympics, 
Heart for Excellence  integrated company philosophy, 
consumer vision, and Olympic spirit, and established the 
company image of offering quality service fo r the 
public . After the Olympics ended, based on 
authoritative network reputation statistics, the reputation 
weighted index of Volkswagen was 73.99, ranking the 
6th in many of the partners. From this we can tell, that 
implant in Olympics won good reputation for Shanghai 
Volkswagen, and set up solid company image. 
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D. Education Training Implant 
Automobile is an expensive product with high cost 

in purchase and use. In selecting the purchase of 
automobiles, people have to weigh against its after-sales 
services. Company image can be established and brand 
promotion can be conducted through nurturing huge 
batch of excellent  technical workers, improving 
after-sales services quality, and obtaining trust and 
reliance of customer group. Placing company brand and 
product implant into the cradle of technical workers,
namely, middle and high level vocational education, will 
surely and effectively  accelerate the development of the 
company. 

Toyota Motor Corp took the lead. As early as 1994, 
it introduced T-TEP (Toyota Technical Training 
Program) in China. As an advanced after-sales services 
technical staff training system, this program has 
development win -win in over400 schools and over 50 
countries around the world, and the professional and rich 
technical train ing experiences of Toyota Motor Corp is 
shared. For 18 years in China, particularly after the 
founding of FAW Toyota, Toyota Motor Corp  has 
consistently paid special attention on T-TEP. FAW 
Toyota provide teaching facilit ies and equipment for 
schools in cooperation of T-TEP, periodically conduct 
lecture train ing, and make effort to transmit update 
automobile technical information to schools.  

IV. AUTOMOBILE IMPLANT MARKETING 
OPERATION MODE 

Message is different from message in traditional 
advertisement. Message in implant advertising is 
composed by the integration of implant advertisement 
and implant matrix. They are related, and inseparable.
Implant matrix is the medium, as well as the message. 
The better integration of product advertisement with the 
implant matrix, the better the transmission is, and the 
better the promotional effects are. Audiences tend to 
place trust of the medium and favorability in the implant 
product itself. 

The difference between implant marketing mode 
and traditional advertising mode is that effective delivery 
of message to the audience requires a process for being 
activated, the association with traditional advertisement. 
What implant marketing affects is the sub-consciousness 
of the audience. How to activate such sub-consciousness 
so as to compel the consumers to conduct purchase 
demands association with traditional advertisements. If it 
lacks association, message is not effectively delivered to 
the audience. And the implant market ing is not bringing 
its expected function. 

During the transmission process, there are noises 
generated, which disturb the transmission to consumers, 
and result in distortion and compromise of message 
obtained by audience. 

Feedback mechanism is comparatively  weak. From 
receiving implant advertisement  message to activating 
sub-consciousness, to forming consumption attitude, and 
to the final decision and behavior of consumption, is a 
long process. The audiences are not necessarily 
consumers. After the above process, some transform to 
consumers, some transform to potential consumers, and 
the rest are non-consumers. Therefore, only those who 
become final consumer are possible to provide feedback 
on products or advertisements. Then, how can advertisers 
collect such feedback information is difficu lt. Given that 
this is a long and interactive promotional process, it 
cannot be determined via data to prove that the final 
consumers are transformed  from implant advertisement 
audiences. Thus, implant advertisement lacks a feasible 
and effective evaluation mechanis m. We can only refer 
the method of observation from the study of transmission 
to conduct indirect  observation. The number of people 
who watched the advertisement can be preliminarily 
estimated through television ratings. And for sure, it is 
not accurate. It is an issue worth consideration for 
advertisers upon how to suggest the establishment of a 
perfect implant advertisement evaluation mechanism and 
feedback mechanism. 

V. AUTOMOBILE IMPLANT MARKETING 
STRATEGY 

A. Innovative Advertising Form, In-depth Implant 
Many implant advertisements only place the 

products in the matrix, in simple form, and stiff way. 
When implanting, it is suggested that advertisers and 
producers of implant matrix conduct in-depth 
communicat ion, innovate on advertisement for, and find 
ways that are creative and easy to be recognized by 
audience. In this way, advertisements are done 
invisibly . It is also recommended that automobile 

advertisers need to find compatible implant matrix with 
the image and brand of the automobile products, and 
utilize all possible things to highlight the products and 
brands, so that they can be remembered by the audience. 

B. Insist on Integration of Product with Characters in the 
Story/Play 

When selecting implant matrix, the integration of 
product and characters in the story/play should be 
insisted. Attention should also be paid to rationality and 
authenticity. Under the premises that the quality of 
matrix is ensured, implant point for automobile products 
can be found, so that the demonstration of every implant 
of product is consistent with the story, and its own 
features can be embodied. For example, the implant of 
GEELY series car models in The Drive of Life  is 
successful. Before the shooting of the TV series, GEELY 
Automobile Company participated in early stage of 
writing the scripts. GEELY Automobile is a national 
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brand. It embodies the efforts of cohesive, self-reliant, 
and hard-working Chinese people. The main characters 
in the TV series represented these excellent qualities of 
the Chinese nation. This TV series skillfully integrated 
the brand features of GEELY with the story line, won the 
appreciation of the audience, and achieved desired effect. 

C. Pursue Compatibility of Target Customer and Implant 
Matrix 

In the selection of implant matrix, automobile 
companies should first conduct in-depth comprehensive 
analysis on its contents and target customers. With the 
utilizat ion of various channels to understand the age, 
gender, financial status, taste, and habits of target 
customers, and via comparison with brand appeal, it can 
be decided whether to have in the implant from 
compatible level. Only when the compatible level of 
target customer group and implant matrix audience is 
high, can the effectiveness of advertisement be 
improved. 
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1Abstract - In order to price corporate bonds more precisely, 
a stochastic recovery rate (RR) has been used in this paper 
instead of a fixed RR used by most researchers. The main 
contribution is to consider the negative correlation between the 
recovery rate and default probability by using an exponential 
function. Based on this function and reduced-form model, a 
pricing formula is obtained and solved by a characteristic 
equation. At last, this paper selects seven Chinese corporate 
bonds to do empirical research. The estimated parameters 
showed that a fixed RR will lead to great errors and thus 
stochastic RR is necessary. The results also indicate that the 
hazard rate has positive correlation with the interest rate, 
which means that the level of interest rate is still the main 

isk. And the theoretical 
price obtained from the model fits the market price very well, 
which demonstrates the validity of the model.  

Keywords - Defaultable bond, reduced-form model, 
stochastic recovery rate 

I. INTRODUCTION 
 Since August 2007, corporate bonds have been widely 
traded in China, and its advantages have been shown in the 
capital market. The relat ively h igh credit  risk makes the 
pricing of corporate bond hard. Recently, many researches 
about corporate bond pricing have been done. Generally, 
there are two  approaches to model the credit  risk. The first 
approach is the structural model init iated by Merton (1974) 
[1], who use Black-Sholes model to price corporate bonds by 

and liabilit ies. Following Merton, Geske (1977) [2] and 
Geske and Jonson (1984) [3] used structural model to price 
normal bonds rather than zero-coupon bonds. Merton and 
his followers assumed that default events can only happen at 
maturity, which in  fact is not the case. Black and Cox (1976) 
[4] improved this and allowed defaults to occur at any time. 
All o f the above assumed that the holders of the bonds can 
get a fix sum of payoff when default  occurred, Longstaff 
and Schwartz (1995) [5] extended this form and supposed the 
payoff was a proportion of the bond value. The second 
model is the reduced-form model, which takes default and 
recovery rate as exogenous variables. Reduced-form model 
was first introduced by Jarrow and Turnbull (1992) [6].
Thereafter, in the framework of reduced-form model, Jarrow,  
Lando and Turnbull (1995, 1997) [7-8] created a Cred it Risk 
Transfer Markov Model, Duffie and Singleton (1999) [9]

subject to default risk. 

                                                                
1 This work was supported by the National Natural Science Foundation of 
China (No. 71271015, 70971006).

 In practice, reduced-form model is more widely used in 
pricing  credit  risk because of its simplicity. However, it  
assumes that recovery rate is a constant which actually is 
not the case. Furthermore, it ignores the negative correlation 
between the probability of default (PD) and recovery rate. 
Therefore, the pricing results deviate from the market price. 
Bakshi, Madan and Zhang (2006) [10] demonstrated that the 
default probability and recovery rate have a negative 
correlation and the recovery rate is stochastic. Krekel (2008) 
[11] assumed recovery rate to be in four discrete states: 60%, 
40%, 20% and 0%, which were too subjective and may 
differed with the reality. 

that the recovery rate is stochastic in the framework of 
reduced-form model, and provides a theoretical reference for 
investors. The paper is organized as follows. Section II and 
III give the preliminary models and our model, respectively; 
giving the solution of our model by using a characteristic 
equation. An empirical study for seven active Chinese 
corporate bonds is presented in Section IV. Section V 
concludes the paper. 

II. PRELIMINARIES PRICING MODEL FOR
DEFAULTABLE BONDS

Currently, there are many types of reduced-form model,
among which affine model has more advantage for its 
efficiency to get PD. Affine model was derived from Duffie 

[12] affine process and firstly applied to price 
default bond by Duffie and Singleton (1999) [9]. It gives the 
pricing model by solving characteristic equation
(Ord inary Differential Equation). In this paper, we use affine 
model as the basic model. 

To make it simple, we use RFV (Recovery Rate of Face 
Value) [13] to couple the recovery rate function, i.e., recovery 
rate is corresponding to a percentage of the bond value. 

Default density h t (also called risk ratio) denotes the 
conditional per year, so PD (probability of default) is  

0
1 exp( ( ) )

t
PD h s ds (1) 

Assume that ( )h s is a constant then we can write the 
default intensity as

1 ln(1 )t PD (2)
Based on this, we can estimate the risk intensity i and 

get a function of recovery rate and i . The empirical study 
shows that PD and recovery rate have a negative correlation. 
Logarithmic model and exponential model can finely depict 
this relation. Consider that PD is the integral of risk ratio, so 
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we assume that the function of recovery rate and risk ratio is 
as follows: 

( )
0 1( ) h tR t e (3)

Where, when 0 10,h R ; when 0,h R , so 
we must make constrains 0 10 1 and 0 10, 0 . 

III. OUR PRICING MODEL 
According to the previous discussion, we will price the 

corporate bonds by using stochastic recovery rate function on 
the consumption of RFV and reduced-form model.  

Typically, corporate bonds have a face value F, maturity 
time T, and coupon payment. We use non-decreasing 
function C(t)  to denote accumulated coupon payment until 
time t. Default happens at time , by which time investors 
can get a recovery ( )y . Define a Heaviside function ( )t  as 
follows: 

1
( )

0 otherwise
t

t (4)

Defaultable corporate bond can be defined as 
( , , ( ), ( ))F T C t y t . Assume that it belongs to a filtration 
produced by a Brownian motion ( ,0 )tG t T . The 
probability space of ( , , )P  satisfies the normal condition, 
and ( ,0 )t t T  denotes the arrival of information. t  is 
generated by default time process. 

Assume that 
0

b( ) exp( ( ) )
t

t r s ds  is a cumulative 

function of the money market account, where the spot rate 
is r t . According to Duffie (1996) [8], no arbitrage 
principle demands a probability measure Q  which is 
equivalent to probability measure P in  the risk neutral world. 

thus defaultable corporate bond with maturity time  has a 
price P as follows: 

( )( , ) { (1 ( )) ( )
( )
( ) (1 ( ))

( )
( ) (1 ( )) ( ) ( ) | }
( )

TQ
t t

T

tt

b tP t T E u dC u
b u
b t t F

b t
b t u y u d u G
b u

 (5)

Where, EQ is the expectation under the probability 
measure Q. This price can be observed when we are aware of 

( , ) tP t T

as ( , )P t T . The first integral of Formula (5) illustrates that as 
long as the default didn't happen, investors can receive a 
coupon payment; if default occurs, payment will stop. The 
second part explains that the investors can get a payment of 
the face value when there is no default. The last integral 
states a receiving when default happens. 

Formula (5) is based on an assumption that there is a 
positive value process ( )h t , i.e., risk ratio process which 

make sure
0

( ) (1 ( )) ( )
t

t u h u du  is a mart ingale. In this 

case, we refer ( )h t  as a risk neutral process, i.e., ( )h t dt  is a  
default probability on the interval of ( , )t t dt . Stochastic 
process is adapted to { }tG , so we get: 

0
[(1 ( )) | ] exp( ( ) )

uQ
uE u G h s ds  (6)

We apply iterative calculation to the expectation of 
equation (6), calculating the expectation of uG  and the 
expectation of uG . Then we can get ( , )P t T  as follows: 

( )( , ) { exp( ( ) ) ( )
( )
( )+ exp( ( ) )

( )
( ) exp( ( ) ) ( ) ( ) | }
( )

T uQ

t t

T

t

T u

tt t

b tP t T E h s ds dC u
b u
b t h s ds F

b t
b t h s ds y u h u du G
b u

(7)

Different from Formula (5), Formula (7) eliminates 
discrete process ( )t , and simplifies the pricing of defaultable 
corporate bonds by using other discounting rate and cash 
flows. With regard to continuous coupon payment 
{ ( ) : }C u u t the pricing function is as follows:

( , ) { exp( [ ( ) ( )] ) ( ) }

{exp( [ ( ) ( )] )}

{ exp( [ ( ) ( )] ) ( ) ( ) }

T uQ

t t
TQ

t
T uQ

t t

P t E r s h s ds c u du

E r s h s ds F

E r s h s ds y u h u du

(8)

We define the recovery ( )y t  as a proportion of the face 
value of the defaultable corporate bond as follows: 

( ) ( )*y t t F (9)
According to previous discussion, we assume RR as a 

function of the risk ratio: 
0 1 2( ) exp( ( ))R t h t  (10)

Where, 0 1 2, , 0  and 0 10 1 . If 1 0 , then 
RR is a constant. 

Assume that the risk-free interest rate process ( )r t
conforms to the CIR model: 

( ) ( ( )) ( ) ( )dr t k r t dt r t dW t  (11)

Where, , , 0k , and k  is the mean reversion rate;
parameter  is the long-term mean.

According to Duffie and Singleton (1997, 1999) [14],
Duffie (1999) and Longstaff Mithal and Neis (2005) [15],
we assume the risk ratio process (under the risk neutral 
measure) to be 0 1( ) ( )h t r t , where, 0 0  and 1

denotes the correlation coefficient between risk ratio and 
interest rate. 
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Since RR and risk ratio are both the function of short-
term interest rate process, we built a  characteristic equation 
as follows: 

( , ; , ) {exp ( ) ( ) }
uQ

t
J t u v E r s ds vr u  (12)

The closed-form solution of characteristic equation is: 
( , ; , ) exp[ ( , ; , ) ( , ; , ) ( )]J t u v t u v t u v r t  (13)

2 22k

2

2

ln + 2
2 cosh 2( , ; , )

-ln
( )sinh 2

k u t
k u tt u v

k v u t

2

coth 2
2

( , ; , )
coth

2

u t
v vk

t u v
u t

k v

Use this characteristic equation to get ( , )P t T , the result 
is: 

0

0

0

0

2 0 0

2 0 0

( )
1

( )
1

( )
0 0 1

( )
0 1 1

( )
1 0 1 2 1

( )
1 1

( , ) ( , ;1 ,0) ( )

( , ;1 ,0)

( , ;1 ,0)

( , ;1 ,0)

( , ;1 , )

T u t

t
T t

T u t

t
T u t

vt
T u t

t

u t

P t T e J t u c u du

F e J t T

F e J t u du

F e J t u du

F e e J t u du

F e e 1 2 1( , ;1 , )
T

vt
J t u du

(14)

Where, to differentiate ( , ; , )J t u v : 
exp ( , ; , ) ( , ; , ) ( )

( , ; , ) ( , ; , ) ( )
v

v v

J t u v t u v r t

t u v t u v r t
 (15)

Where,

2

( )2 sinh
2( , ; , )

( ) ( )cosh ( )sinh
2 2

v

u tk
t u v

u t u tk v
,

and 
2

coth 2
2

( , ; , )
coth

2

u t
v vk

t u v
u t

k v
.

IV. EMPIRICAL RESULT 

A. Data 
To estimate the parameters of the model illustrated above, 

we choose seven Chinese defaultable corporate bonds from 
industries of finance and real estate, material chemistry, 

energy, transportation, paper industry, manufacture and retail 
whose stocks are traded on Shanghai Stock Exchange. The 
data is from Wind; sample period is from January 4, 2012 to 
December 31, 2012. The samp le informat ion is shown in 
TABLE I. For convenience, we use overnight interest rates 
as instantaneous interest rates. 

B. Parameter Estimation 
We need to estimate four parameters: risk ratio  

parameters 0 1, and recovery rate parameters 0 1, .We 
denote mod ( , )el nP t T  the theoretical price of corporate bonds 
and m ( , )arket nP t T  the market price. Then we can get the 
parameters by minimizing the following formula: 

0 1 0 1

2

mod

, , , 1

( , ) ( , )1min
( , )

N
market n el n

n market n

P t T P t T
N P t T

 (16) 

We conduct the minimization through the method of 
genetic algorithm and use monthly data as a sample, thus we 
can get 12 sets of parameters for each corporate bond, i.e.,

0 1 0 1{ ( ), ( ), ( ), ( )}t t t t . We calculate maximum, minimum, 
mean and standard deviation (SD) for each parameter,  which 
are summarized in TABLE II. 

From TABLE II we can see that, except for 11DQ01, all 
else bonds have a small 0 , which is corresponding to 

In the case of mean, means of 1  have both positive and 
negative values. 1 0 demonstrates that risk ratio and 
interest rate have a positive correlation; 1 0 indicates that 
profitability is relatively higher when the interest rate is 
bigger. 

Meanwhile, all 1 are relat ively high, which shows that 
the recovery rate of bond will go down fast when the default 
probability arises. In this case, fixed recovery rate will lead 
to a large error. 

C. Pricing Result and Comparison 
In this part, we apply the parameters to get theoretical 

prices of YG bond at some certain  time. Thereafter, we 
make a comparison with the market price, which is shown in 
Fig.1. 
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Fig.1. Comparison of theoretical price and market price of YG bond
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As showed in Fig.1, the theoretical price fits market 
price very well and the fitting has no significant error. On  
the whole, the average theoretical price is a little  higher than 
the average market price. However, the trends of the two are 
consistent, i.e., the theoretical price obtained from our 
model can precisely reflect the trend of market price, which 
ensures that our pricing model can  be used in the pract ical 
investment decision. 

V. CONCLUSION 
In this paper, the pricing of defaultable corporate bonds 

is studied using reduced-from model with stochastic 
recovery rates. To explain the stochastic recovery rate (RR), 
a function between RR and interest rate are constructed. 

Then we obtain the pricing formula for defaultable corporate 
bonds. In order to solve the formula, we build a characteristic 
equation and get a closed-form solution. Finally, an 
empirical study was conducted. Results of high 1  show that 
fixed recovery rate will lead to a large error and stochastic 
recovery rate is necessary. Finally, the theoretical price and 
market price are compared to demonstrate that our model can 
precisely reflect the trend of market price and works well in 
practical investment decision. 
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TABLE I
SAMPLE INFORMATION OF CORPORATE BONDS

Name Code Issue date Maturity date Period Coupon rate Pattern of payment Total amount (billion)
08JF bond 122011 2008-7-24 2013-7-24 5 8.20% once a year 10
08BC bond 122013 2008-7-18 2013-7-18 5 8.20% once a year 17
09GH bond 122021 2009-8-26 2016-8-26 7 6.95% once a year 10
10YG bond 122060 2010-12-22 2017-12-22 7 7.09% once a year 8
11DQ 01 122092 2011-8-18 2013-8-18 2 5.48% once a year 40

11ZY bond 122088 2011-8-31 2016-8-31 5 7.50% once a year 7
11PD02 122126 2012-3-1 2017-3-1 5 8.50% once a year 22

TABLE II 
PARAMETER ESTIMATION FOR EACH BOND 

bonds 08 JF bond 08 BC bond 09 GH bond 10 YG bond 11 DQ 01 11 ZY bond 11 PD02
industries material chemistry Finance and real estate energy paper industry transportation industry retail

0

Min 0.0156 0.0260 0.0002 0.0173 0.0247 0.0237 0.0112
Max 0.1846 0.1955 0.0872 0.0581 0.4845 0.0796 0.0378
Mean 0.0884 0.0883 0.0343 0.0443 0.1260 0.0539 0.0294

SD 0.0487 0.0522 0.0270 0.0144 0.1278 0.0155 0.0080

1

Min -0.3558 -0.3353 -0.6668 -0.5679 -0.8301 -0.5759 -0.2333
Max 0.3376 0.9037 0.1984 0.1147 0.1621 0.2609 0.2646
Mean 0.0777 0.1762 -0.3079 -0.2969 -0.5161 -0.4219 -0.0987

SD 0.2359 0.3380 0.3135 0.2118 0.2687 0.2592 0.1737

0

Min 0.0028 0.0508 0.1299 0.1094 0.0938 0.1167 0.0975
Max 0.4685 0.4584 0.9597 0.7275 0.3069 0.2734 0.2628
Mean 0.2218 0.2872 0.4032 0.3722 0.1969 0.2255 0.2098

SD 0.1196 0.1251 0.2727 0.2604 0.0720 0.0481 0.0549

1

Min 0.0029 0.1945 0.0183 0.1770 0.3322 0.6975 0.1618
Max 0.7375 0.7199 0.7630 0.6542 0.7859 0.8681 0.4314
Mean 0.4917 0.3910 0.2811 0.3571 0.5710 0.7463 0.2666

SD 0.2462 0.2036 0.2369 0.1466 0.1833 0.0539 0.0834
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A Lightweight Workflow Model for Performance Evaluation System of Customer 
Managers in the Bank 
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Abstract -  In the performance evaluation system, it is 
necessary to transfer data files between some roles for 
supplying missing data and auditing these data. Based on the 
analysis of business process, the paper designs a lightweight 
workflow model. The establishment process of the model  is 
discussed in detail. The paper presents how to define the 
workflow process and properties related to the workflow. 
The simulations to verify the model are performed, and the 
result shows the model is valid. This workflow mode has 
been applied in this system. 

Keywords - Lightweight workflow model, properties, 
simulation, workflow process 

I. INTRODUCTION 

The purpose of the workflow is breaking a big 
business activity in an enterprise down into small tasks, 
which will be finished by different roles according to 
predefined business rules and order, achieving automatic 
assignment of the business activity. The workflow can 
improve the productivity of the enterprise and reduce 
costs. A list of tasks is assigned to roles rather than 
specific users, a number of roles are supplied for this 
purpose.

The Workflow Management Coalit ion (WfMC) 
proposes the reference workflow model in [1], including 
organization model, information model, and process 
model. The organizat ion model describes the relat ionships 
between individuals and departments in an  enterprise; it  is 
used to define the roles in a workflow. The information 
model is related to the data used in a workflow, such as 
business process, business rules, the status of the 
workflow and so on. The process model manages a 
workflow, controls the execution of activ ities in 
predefined order [2]. 

There are many workflow models. Reference [3] 
designs a relationship-based lightweight workflow engine,
the model, the organizat ion model and the information 
model are expressed through relation structure, the 
process model is implemented by executing store 
procedures, triggers provided by RDBMS (Relational 
Database Management System). In [4], the paper analyzes 
the financial workflow features, and proposes the model 
of financial workflow based on the mapping relationship 
between financial workflow diagram and Petri network.  A 
workflow model of product design process is introduced 
in [5], the model is generated dynamically according to 
the components instance of Product Structure Tree and its 
membership relation at run t ime. Reference [6] proposes a 
kind of workflow model based on service orientation ,
through calling the WEB services, enables the workflow 

engine to finish the workflow instantiation defined by
enterprise customers.

The system is to assess the performance of the 
customer managers in the bank in one score period, such 
as the performance of loans, savings and so on. The 
assessment needs a large amount of data; the data are 
input or imported from external files. But some data are 
not complete, it is necessary for users to supply missing 
data. Supplementary data can t be directly saved to the 
database before being checked by users owning audit 
right. Rev iewing different data needs different rights. 
Only the data approved can be passed into the system, the 
data refused will be return. In order to supply missing data, 
the system uses the workflow method to transfer data files 
between roles.  

There are some workflow engines such as Shark [7-9],
OSWorkflow [10-12], jBPM [13-16] and so on, but they 
are too heavy for this system. A flexib le, easy to use, 
lightweight workflow model is developed to meet the 
needs of the system. The paper describes how to establish 
the model. The rest of this paper is structured as follows .
In Section II, the requirement of the system for the 
workflow is introduced. How to establish the lightweight 
workflow model is described in Section III, including how 
to define the workflow process and other properties 
related to the workflow. Finally, Section IV presents 
preliminary conclusion. 

II. THE WORKFLOW IN PERFORMANCE 
EVALUATION SYSTEM 

In this performance evaluation system, when users 
import data to assess the performance, some data are 
missing. Using the loan contract as an example, a contract 
is often fin ished by more than one team; one team 
consists of two customer managers. When importing the 
loan contract from external source, there is only one 
manager, this manager is responsible for supply other 
mangers. There are others miss data, such as the lending 
rate, the floating rate, how to allocate performance among 
customer managers and so on. Some roles must supply 
missing data. After passing the review, the data can be 
saved to the database.  

There are six different kinds of data file needed to be 
transferred between users to supply data. A workflow 
needs many roles to participate in. Sometimes, the same 
role may be assigned different activ ities in d ifferent 
position in the same workflow. The workflow model 
should consider the situation. Moreover, when some data 
input by a role are not approved by another role that 
audits these data, the data file  cannot continue to be 
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forwarded to the next stage, it should be sent back to the 
role making mistake. After correcting errors, the data file  
continues to move through from this role.  

There may be many instances of a kind of workflow 
running at the same time, we called an instance as a To-do,
a To-do may be running or completed. For example, when 
the loan contract has only one manager, the system 
initiates one To-do for this manager. 

The system may find the next role to process a To-do
based on business rule, and then assign activities to one of 
users owning that role, it also can manage running To-dos 
and ended To-dos. 

III. THE WORKFLOW MODEL

Consider the system has such roles, ir ( ]9,1[i ), jw
( ]6,1[j ) denotes six kinds of workflow. A workflow 
moves through a number of roles, there is role-specific 
data for each of these roles, the set ji wrs ,  ( ]9,1[i ,

]6,1[j , roleri , role  is a  collection of all ro les taking 
part in jw ) is the data that ir  should supply or audit. 

Every workflow jw  has many To-dos, jk wt  ( Zk ,Z

is the set of natural number) is the thk To-do of jw . 

Role 1r , 2r  and 3r  take part in 1w  in turn. For 2w ,
the data file moves through 1r , 2r , 1r  and 3r , 3r  audits 
the data supplied by 1r  and 2r .

A. Defining the workflow process 
The workflow process is the order in which activit ies 

of the workflow must be performed. When roles 
participating in a workflow are d ifferent, we can define 
the process by joining role names  together in the business 
order using one comma as separator. So, the process of 

1w  is 321 ,, rrr , the data set that ir  should supply is 

1, wrS i  ( 321 ,, rrrri ). For 1r , the data is 11, wrS .
From the process definition, the system can find the data 
that should be supplied by the roles that login users own, 
the reason is that the workflow moves through each role 
only once, tasks assigned to each are unique and 
unambiguous. The system also can determine how to 
forward the data file  based on the process: who is the next 
actor? 

But for 2w , this method is not suitable. 1r , 2r , 1r  and 

3r  are assigned activities in turn, 1r  participate in this 
workflow twice . If using the same method to represent the 
process, i.e., 3121 ,,, rrrr  denotes the workflow process 
of 2w . The data set that 1r  should supply is 21, wrS , for 

2r  the data is 22 , wrS . In fact, when users owning 1r
login, it is impossible for the system to determine the data 
set 1r  should supply, because 1r  supply data before 2r ,
also after 2r . Activities before 2r s tasks or these after 

2r s, which should be assigned to 1r ? According to the 

business rule, the order is  1r , 2r , then 1r , the system can t
assign tasks before and after 2r  as a whole to 1r . 

In order to solve the problem, when a workflow 
moves through a role twice or more, we can declare a 
step  property for all To-dos to avoid ambiguity. step
denotes the index the next role in the workflow process, 
starting from zero. Now the ro le-specific data is 

stepwrS ji ,, . When the system in itiates one new To-do, 

0step . According to the index, step , the system can
infer the next ro le from the workflow process. After a role 
fin ishes his tasks, the next  role is after him, he increases 
step  by 1. Doing so, each role has a different step . Even 
for the same role, stepwrS ji ,,  is different because of 

the difference of step . 
The simulat ion to validate the model is presented as 

follows. For 21wt , one o f 2w s To-dos, the workflow 
process is 3121 ,,, rrrr , in initial state, 0step . The 
execution process for 21wt  is shown as follows: 

In the initial state, 0step . 

1r login, input data in 0,, 21 wrS , 1step . 

2r  login, input data in 1,, 22 wrS , 1step . 

1r  login, input data in 2,, 21 wrS , 1step . 

3r  login, audit data in 3,, 23 wrS , 20step . 
In the above process, 1r  input data in 0,, 21 wrS  and 

2,, 21 wrS , they are different. So, introducing step
property eliminates the ambiguity when the flow moves 
through a role many times. In the last step, 20step , -
20 is used as the flag that the workflow has fin ished. 
According to the value of step , we can know the status of 
one To-do: running or completed.  

To make it easy for find To-dos for a role, role
property is introduced to the model, it denotes the next 
role, which can be inferred from step  and the workflow 
process. 

B. The workflow rollback  
The data supplying needs to be reviewed, when they 

are not approved, the workflow moves backward to a
specified activ ity in the workflow and tasks that have 
already executed are reset. To support the rollback, 
isReturn  property is used as an indicator of the workflow 
direction: fo rward or backward. When 0isReturn , a 
To-do is being sent back. The reason of rejection is given 
in onreturnReas  property. A role can sent the flow back 
to its previous role or any of ro les that has executed tasks. 
To support jumping back to already passed roles, the step 
jumping backward needs to be saved. When a role decides 
to jump back to prev ious executed steps, he selects one of 
previous passed roles as the target, and then the system 
counts how many steps from this role to the selected role. 
We negative the value of steps, assign it to isReturn
property, and then set 
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isReturnstep
At the same time, the system assigns a new role for 

role  property according to the new value of step . Let us 
take an example, for 21wt , the process is 3121 ,,, rrrr ,
when 3r  audit data and decide to sent this To-do back, it  
chooses first 1r  as target, there are three steps between 
first 1r  and itself, so 

""
.Re

.3

1rrole
turnisstetp

isReturn

So far, every  To-do has step , role , isReturn  and 
onreturnReas  property.  

When the workflow is reverted back, the system 
processes a To-do as follows. 

1r  login, the system searches all To-dos for this 
role according to role property of a To-do.

while(having more To-dos for 1r ){
get one To-do.
if( 0isReturn ){

display the message in onreturnReas , then 
""onreturnReas .

0isReturn . 
} 
supply or review data. 
if(rollback this To-do){

choose one of already passed roles to jump 
back, count how many steps from the role to 
oneself in the workflow process. 

let isReturn property equal to the negative 
value of steps. 

set onreturnReas  property 
isReturnstep , compute and set role

property. 
continue 

}else{   
if(To-do ends) { 

"",20 rolestep .
continue 

} 
1step , compute and set role  property. 

} 
} 

C. Simulation
The simulat ion to verify  the model when the 

workflow rollback is presented as follows. When 21wt  is 
reverted back by 3r , the workflow process is: 

In the in itial state, 0step , "" 1rrole ,
0isReturn , ""onreturnReas . 

1r  login, input data in 0,, 21 wrS , 1step , 
1step , "" 2rrole , 0isReturn , 

""onreturnReas . 

2r  login, input data in 1,, 22 wrS , 1step ,
2step , "" 1rrole 0isReturn , 

""onreturnReas . 

1r  login, input data in 2,, 21 wrS , 1step , 
3step , "" 3rrole 0isReturn , 

""onreturnReas . 
3r  login, audit data in 3,, 23 wrS , refuse and revert  

back to one of 321 ,, rrr , supposing the first 1r ,
3isReturn , "" errorsomeonreturnReas ,

isReturnstep , 0step , "" 1rrole . 

1r  login, the system d isplays the message in 
onreturnReas , 0isReturn , ""onreturnReas ,

input data in 0,, 21 wrS , 1step , 1step ,
"" 2rrole . 

Other steps are the same with these without being 
reverted back.

IV. CONCLUSION 

After analyzing the workflow requirements in the 
performance evaluation system of customer managers in 
the bank, the paper designs a lightweight workflow model. 
Firstly, the paper defines the workflow process, jo ining 
the names of all roles taking part in a workflow in 
business order. When a workflow moves through a role 

 that 
should be assigned to a role only  according to the 
workflow process. step  property is added to the model, 
its value is the index that a ro le is in the workflow process, 
the index is unique. When a workflow moves through a 
role twice, this role has different position, so two indexes 
are different. The system can determine role -specific tasks. 
It is possible that a To-do is reverted back because of 
some mistakes, so, the property, isReturn , is used to an
indicator whether a To-do is being rollbacked.
Simulations to verify the model are performed; the result 
shows that model is valid . The model is used in this 
system; the system can effectively process To-dos, assign 
tasks for different roles. 
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Abstract - The research on the influencing factors of 
equity incentives is a hot topic for the research of equity 
incentives in Chinese listed companies. This paper uses the 
equity incentive level as the explained variable, while uses 
company size, ownership concentration, equity balance 
degree, company growth and free cash flow as the 
explanatory variables to study the influencing factors of 
equity incentives in listed logistics companies. The research 
results indicate that company size has significant positive 
correlation with equity incentives, while ownership
concentration has no significant negative correlation with
equity incentives, but company growth and equity balance 
degree have significant negative correlation with equity 
incentives.

Keywords - Equity incentives, logistics industry, multiple 
regression analysis, ownership concentration

I. INTRODUCTION 
Managers equity incentives has been widely used in 

management practice in  every country. Equity incentives
is an effective way for an enterprise to achieve the 
long-term incentive to the management. It makes the 
management and the enterprise share the consistent 
interest and solves the agency problem in the listed 
companies effectively. The principal-agent theory holds 
that the interest relationship between the managers and 
shareholders can be integrated through the equity 
incentives and the contradiction of the separation of 
ownership and management right can be solved to a 
certain extent, and helping  to achieve the goal of 
maximizing value of the enterprise [1].

Currently, the logistics industry has been recognized 
as the artery of the national economic development and 
one of the basic industries in China. Logistics plays an 
increasingly important role in operation of the social 
economy and becomes the third pillar and the third profit 
source of the national economy development, following 
manufacturing and commerce. Therefore, this paper 
selects 20 listed companies in the logistic industry as the 
sample, using the multiple regression analysis to analyze
the determinants of equity incentives.

II. LITERATURE REVIEW
The foreign and domestic researches main ly 

concentrate on two aspects: one is on how the equity 
incentives influence the operating  results; and the other is 
on factors affecting the equity incentives implementation.

Foreign scholars began researching on equity 
incentives in 1976. Subsequently, western scholars 
studied this topic systematically. Jensen and Murphy
(2003) studied the relat ionship between the equity 

incentives and future earning and found equity incentives
had no linear relationship with future earning [2]. Studies 
by Tzioumis (2008) argued that the equity incentives had
negative correlation  with property owned by the chief 
executive officer (CEO) and the age of CEO[3]. Other 
scholars also analyzed the influencing factors of equity 
incentives from different angles, such as company size
(Konari, 2006) [4], corporate governance characteristics
(Rosenberg, 2003) [5], or personalities of CEO (Attaway,
2000; Phillip and Cyril, 2004) [6] [7].

Chinese scholars also discussed the influencing 
factors of equity incentives from different aspects. Li and 
Liu (2010) conducted the study on 92 listed companies in 
the period 2006-2009, empirical analysis showed that the 
lower ownership concentration, the more selective 
tendency; the more cash rewards for executives, the more 
selective tendency [8]. Li and Hui (2013) took A-share 
listed companies as samples and found that the bigger the 
size, the more selective tendency [9]. According to He and 
Wang (2011), the company's risk was significantly 
positive related to equity  incentive level, while equity 
balance degree and free cash flow had significantly 
negative correlation with equity incentives level [10].

III.HYPOTHESES DEVELOPMENT
This paper discusses the influencing factors of equity 

incentives from the following five aspects: the company 
size, ownership concentration, equity balance degree, the 
company growth and free cash flow. 

For the company with large size, corporate 
management is more complex than comparing with small 
size. Th is leads to the lack of supervision, which would 
result in serious agency problem. The company would 
have stronger motivation of using equity incentives to 
reduce agency costs. Thus, the first hypothesis is:
H1: Company size is positively related to equity incentive 
level; 

If listed company s equity are mostly concentrated in 
the top ten shareholders or even more concentrated in the 
top one shareholder, they can supervise managers more 
effectively. Meanwhile, they do not want to spread their 
control of the equity through equity incentives. In the 
following, second hypothesis is:
H2: Ownership concentration is negatively related to 
equity incentive level; 

The equity balance degree would have significant 
effect on the behavior of the company's largest 
shareholder. The higher the shareholding by the other 
shareholders, the more it can reduce the probability which 
the top one shareholder would in fringe the interests of 
other shareholders. To maximize the value of stakeholders, 
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the company would reduce the long term incentives for 
management. Hence, the third hypothesis is:
H3: Equity balance degree is negatively related to equity 
incentive level; 

High growth companies are generally  in the high 
speed development stage, in order to achieve higher 
future development goals; the company needs the 
implementation of equity incentives program to increase 
managers enthusiasm for work. Hence, the fourth 
hypothesis is:
H4: Company growth is positively related to equity 
incentive level; 

The last key factor that we test is free cash flow. 
Yermack (1995) used the U.S. data to verify that the 
companies which were lack of cash flows were more 
likely to use stock options [11]. The company executes 
incentive stock options, not only reduces the salary paid 
in cash to the managers, but also gets cash flow when 
managers enforce their stock rights. Therefore, the fifth 
hypothesis is:

H5: Free cash flow is negatively related to equity 
incentive level.

IV. METHODOLOGY AND DATA

A. Sample and Data
This paper takes 20 listed companies in the logistic 

industry which carried equity incentives in the period 
2011 -2013 as sample to do the empirical study of equity
incentives. The sample data is collected from Wind, 
which is a premier financial database on Chinese 
companies.

B. Selection of variables
Based on the relevant literature, this paper uses the 

equity incentive level as the explained variable, while use 
company size, ownership concentration, equity balance 
degree, company growth and free cash flow as the 
explanatory variab les to study their impact on the equity 
incentives (As shown in Table I).

TABLE I
DEFINITION OF VARIABLES

Variable Names Symbolic Computation methods
Explained variable Incentive levels Y Number of managers equity incentives ÷number of total equity

Explanatory variables

Company size X1 Natural log of total assets at the balance sheet date
Ownership concentration X2 Shareholding by the top ten shareholders 
Equity balance degree X3 Shareholding by the top nineshareholders ÷shareholding by the top one shareholder 
Company growth X4 Weighted average rate of return on equity
Free cash flow X5 Cash and cash equivalents

C. Multiple Linear Regression Model
We use regression model to test our hypotheses. 

Then this paper sets exp lained variable Y as dependent 
variable, and the exp lanatory variables X1, X2, X3, X4, X5

as independent variables, then the multiple linear 
regression model can be represented as shown:

0 1 1 2 2 3 3

4 4 5 5

Y X X X

X X         (1 )

Where 0 is the constant term; 1, 2, 3, 4, 5 are 

regression coefficients of each v
term.

V. EMPIRIAL FINDINS

A. Descriptive Statistics
Table II reports descriptive statistics for the 

explained and exp lanatory variables in our mult iple linear 
regression models.

TABLE II
DESCRIPTIVE STATISTICS

In Table II, we can see that the Mean and the Median 
for most of the exp lanatory variables tend to be equal and 
be suitable for regression analysis. But the Mean for free 
cash flow is 9.84E + 08; the Median is 3.09E + 08. The 
difference between the two figures is substantial and may 
not be suitable for regression analysis . Furthermore, its 
variance is 2.75682595, which is the largest one among 
the variables. So, free cash flow is not suitable for further 
explanation regression analysis and is ignored.

B. Correlation Analysis
This paper uses financial data of sample companies 

as the observation, in the mult iple regression analysis, 
there may be problems  of mult icollinearity among the 
variables, so the correlation analysis is conducted to 
check whether the presence of mult icollinearity among 
the variables, and whether they are suitable for multiple 
regression analysis. Correlation analysis results are shown 
in Table III.

Number Mean Median Std. deviation Variance Min Max
Y 60 0.137728 0.07505 0.16163 1.1735475 0 0.6397
X1 60 21.38278 21.24576 1.07116 0.0050095 19.80503 24.81405
X2 60 0.622763 0.61525 0.12694 0.2038410 0.4134 0.9039
X3 60 0.467335 0.4686 0.12515 0.26779832 0.0946 0.6289
X4 60 0.136718 0.1287 0.07530 0.55081278 0.0163 0.3401
X5 60 9.84E+08 3.09E+08 2.7E+09 2.75682595 2 .4473744 1.33E+10
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TABLE III
CORRELATION ANALYSIS OF MAIN VARIABLES

Y X1 X2 X3 X4
Y 1
X1 -0.11633 1
X2 -0.20371 0.075726 1
X3 0.413178 -0.4589 -0.19421519 1
X4 -0.20203 0.32699 0.276947333 0.07090411 1

As can be seen from Table III, the correlation 
coefficient between variables are below 0.5. This 
indicates that the possibility of the existence of 
multicollinearity is little and it is appropriate for a
multivariate linear regression analysis.

C. Multiple Linear Regression Analysis
The regression results of exp lained variab le Y with 

explanatory variables X1, X2, X3, X4, X5 is output by 
SPSS17.0 as shown in Table IV, Table V, Table VI.

TABLE IV
MODEL SUMMARY

Multiple R R Square Adjusted R Square Std. Error N
0.512551 0.262708 0.209087 0.143743 60

TABLE V
ANOVA

df Sum of Squares Mean Square F Significance F
Regression 4 0.404923 0.101231 4.899337 0.001884

Residual 55 1.136418 0.020662
Total 59 1.541342

TABLE VI
COEFFICIENTS

Coefficients Std. Error t Stat P-value Lower 95% Upper 95%
Intercept -0.81826 0.525124 -1.55822 0.124916 -1.87063 0.234111

X Variable 1 0.035015 0.021779 1.607762 0.113614 -0.00863 0.07866
X Variable 2 -0.0412 0.159329 -0.2586 0.796911 -0.3605 0.2781
X Variable 3 -0.691125 0.181142 -3.815372 0.000347 -0.328108 1.054142
X Variable 4 -0.65868 0.288947 -2.2796 0.026533 -1.23774 -0.07962

According to the regression coefficients in Table VI,
we can draw the multiple linear regression model.

0.81826 0.035015 0.04121 2
0.691125 0.658683 4

Y X X

X X     (2 )

R = 0.512551, R2 = 0.262708, Adjusted R2 =
0.209087, the regression equation has better degree of 
fitting. There is a strong linear relationship between Y and 
X1, X2, X3, X4.

F-test: F=4.899337>F0.05(5,
Significance F=0.001884 =0.05. These show between Y 
and X1, X2, X3, X4 have significant linear relationship.

1=0.035015>0, 2=-0.0412<0, 3=-0.691125<0, 
4=-0.65868<0, These show X1 has linear positive 

correlation with Y, while X2, X3, X4 have linear negative 
correlation with Y.

t-test: t0.025 |t1|=1.607762<t0.025,
|t2|=0.2586<t0.025, |t3|=3.815372>t0.025, |t4|=2.2796>t0.025,
These show 3 and 4 pass the t- 1and 2 do not pass 
t-test. It indicates that X1 has no significant positive 
correlation with Y; X2 has no significant negative 
correlation with Y; X3 and X4 have significant negative 
correlation with Y.

VI.CONCLUSION

Through the multiple regression analysis of relevant 
data for sample companies, we can  draw the following 

conclusions:
1) Company size has no significant positive 

correlation with equity incentive level, hypothesis 1 holds.
With the increasing size of the company, it is more
difficult for shareholders to monitor the managers and 
agency cost will become larger. Under this situation, the 
company is willing to execute equity incentives. Since the 
equity incentives in listed logistics companies is still in 
the exp loratory stage, company size and incentive level 
have certain positive correlation, but not significant.

2) Ownership concentration has no significant
negative correlation with equity incentive level, 
hypothesis 2 holds. Lower the degree of ownership
concentration, stronger the willingness to 
monitor the managers through the equity incentives. No 
matter how imperfect the system of professional 
managers is in China, it may affect the enthusiasm which 
listed logistics companies execute the equity incentives to 
some extent, thus the effect of ownership concentration to 
equity incentive level is limited.

3) Equity balance degree has significant negative 
correlation with equity incentive level, hypothesis 3 holds.
When equity balance degree is low, major shareholders 
can totally control the company, while the agency cost is 
low, since the implementation of higher equity incentives
might dilute their earnings; they are less likely to 
implement equity incentives.

4) Company growth has significant negative
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correlation with equity incentive level, hypothesis 4 does 
not hold. The main reason is like this: the sample data 
selected only three years, while the equity incentives pays
attention to the long-term incentive effect, therefore it 
may be the long-term interests of the company let the 
management to give up some short-term behavior, 
making equity incentive level and the company's growth 
to present a negative correlation.
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Abstract - This paper adopts bibliometric analysis on 

internationalisation from various fields to identify key 
patterns of this research topic. Bibliographic data of these 
literatures are collected from ISI Web of Knowledge with 
specific search criteria (e.g. from 1965 to 2013). A generic 
approach of bibliographic analysis is implemented to present 
visualised and organised results, which enable a systematic 
review on previous studies. We found that (1) research on 
internationalisation of R&D originated from three different 
fields, i.e., strategic management, innovation management 
and international business, and (2) research frontiers are 
emerged in most recent studies that can be categorised into 
four key areas. Bibliometric analysis provides a possibility to 
identify and understand the intellectual structure of 
research on R&D internationalisation in latest 35 years. 
Based on these findings, we analytically proposed an agenda 
for future studies on R&D internationalisation.

Keywords Bibliometrics, global innovation strategy, 
international R&D network, R&D internationalisation, 
systematic literature review 

I. INTRODUCTION 

The growing trend of g lobal R&D activ ities in  MNCs 
triggers research on internationalisation of R&D in  
management and international business areas. This topic 
has been well studied in  recent decades, as many papers 
published to explore related issues. The increasing 
number of literature on R&D internationalisation enables 
bibliometric analysis for identifying key patterns for 
future research. Bibliometric analysis is usually used for 
capturing the big questions and identifying frontier topics 
from published literatures in a visualised and quantitative 
way [1]. This paper will present a systematic review on 
internationalisation of R&D with bibliometric methods. 

Bibliometric methods have been commonly  used to 
identify intellectual structures of literature, such as 
strategic management [e.g. 2], innovation research [e.g. 3],  
management information system [e.g. 4] and, operations 
management [e.g. 5]. It is a widely adopted and valid 
method of summarising and reviewing relevant literature 
on various topics in one discipline o r across subjects [6]. 
Based on the large volumes of publications on the topic of 
internationalisation of R&D, it  became necessary and 
useful to have a bibliometric analysis on the topic. This  
paper is aimed to achieve the following objectives: (1) 
cocitation analysis to understand theoretical foundations 
of R&D internationalisation research, and (2) 
bibliographic coupling analysis to identity frontier in  
R&D internationalisation areas in recent ten years. With 
bibliographic analysis, this paper systematically  

summarises current research as well as maps research 
gaps and future directions that are potential to become 
critical in future R&D internationalisation research. 

II. METHODOLOGY 

A. Data Collection 
Bibliographic data are collected from the ISI Web of 

Knowledge (WoK) [7]. The criteria for searching in ISI 
WoK are as follows: (1) title  including internationali*  
R&D or internationali* innovat* (2) tit le including 
globali* "research and development" (3) title  including 
"international R&D" or "international Research and 

Research and Development" (5) t itle including globali*  
R&D or globali* innovat* (6) tit le  including 
internationali* "research and development" (7) keywords 
including " R&D network" or "research and development 
network". 

This search includes a comprehensive set of literature 
on R&D internationalisation. In terms of spelling 

(*). This symbol is attached to certain terms to address 

etc. 

Fig.1. Annual numbers of publications on the topic (1967-2013)

The search with the above criteria was made in 
January 2014. In total, 726 papers were found on WoK. 
Bibliometric analysis methods is implemented on these 
726 papers with their 15915 references. The first paper 
explicit ly on this topic was published in 1967. By the 

search criteria. Other papers might also discuss R&D 

21st International Conference on Industrial Engineering and Engineering Management 2014 (IEEM 2014)

E. Qi et al. (eds.), Proceedings of the 21st International Conference on Industrial Engineering
and Engineering Management 2014, Proceedings of the International Conference on Industrial Engineering
and Engineering Management, DOI 10.2991/978-94-6239-102-4_ © Atlantis Press and the authors 2015122,

597



internationalisation but did not label titles with 
internationalisation or globalisation or other related terms 
in the search criteria. The paper within the criteria that get 
published annually is shown Fig.1 below. There is an  
increasing trend for papers being published on this topic.  

The number of publications peaked at around 1999, 
when internationalisation of R&D became more common 
in various industries. The other summit was in 2009. The 
distribution of the number of papers published indicates it
may be proper to set ten-year for time scaling. 

B. Bibliometric Methodology 
Bibliometrics is a method associated statistical 

analysis on counts and citing links between different 
articles in a body of literature [8]. Different techniques of 
bibliometrics are suitable fo r studies with different 
objectives, such as cocitation analysis for mapping the 
critical questions [9], co-author for identifying knowledge 
exchange patterns [10], and bibliographic coupling for 
revealing frontier research streams [11]. 

Two techniques are used in the research. First, 
cocitation analysis is applied to find out common 
references that are cited by two different papers. The 

both papers are discussing very relevant topics . Cocitation 
analysis is adopted to seek for big questions on R&D 
internationalisation when it emerged. Bib liographic 
coupling is also used to map recent frontiers in R&D 
internationalisation research [12]. Bibliographic coupling 
is to identify  relationships between different papers 
according to their shared references. These similar 
references are the intellectual basis for the citing papers. 

Pieces of software are used for data processing, 
analyzing and visualizing, including the Science of 
Science (Sci2) Tool, Matlab 2013a and SPSS 20.0.  

The study follows generic b ibliometric procedures 
[13]. Data from WoK are first extracted into a paper 
citation network. Papers among top 100 in cocitation or 
bibliographic coupling are included in analysis. 

Cocitation analysis follows with guidance from [14] 
and focuses on earlier decades. Cocitation matrices are 
calculated and transformed into proximity matrices using 

approaches but examines the latest ten years. Multivariate 
analysis techniques, i.e., factor analysis, cluster analysis 
and multid imensional scaling (MDS) are applied to the 
proximity matrices in both analyses.  

Initially, factor analyses of both periods are 
implemented with no specification, which exp lores the 
natural number of factors. Parallel analysis is used to 
identify the optimal number of factors in each factor 
analysis. Then, factor analysis is performed again  with the 
optimal numbers of factors.  

Cluster analysis is performed to further understand 
the intellectual structure of R&D internationalisation 
research in both periods [15]. Dendrogram using Ward 
linkage in SPSS is  used for clustering [16]. The cutting-
off boundary is set with a distance of y=5. Results of 

factor analysis and cluster analysis are used to identify 
key clusters of research domains for triangulation. 

To visualize the results, MDS maps (ALSCAL in 
SPSS) are generated from the proximity matrices of both 
periods, presenting the knowledge base of these 
publications in two dimensions [17].  

There are certain specifications on bibliographic 
coupling. First, papers used for analysis are only those 
with at least ten links to other papers [18]. The linkage of 
papers with citing/cited relationship is weighted by 
betweenness centrality [19].  

III. RESULTS

A. Cocitation Analysis 
There are on ly 98 papers on R&D internationalisation 

from 1965 to 1993. Three o f them are eliminated in  
analysis because of no cocitation with others.  

Initial factor analysis on the proximity matrix derived 
8 factors explaining 96.89% of variances. As showed in 
Table I, there are 5 factors in the cocitation proximity 
matrix that have eigenvalues exceed ing corresponding 
ones in the parallel analysis. Hence, it  is more appropriate 
to limit  the number of factors to five. Factor analysis with 
fixed five factors is performed so that papers are grouped 
according to the largest loading, as showed in Table II.  

The factor analysis of fixed factors on publications 
from 1965 to 1993 is effective. Over 90% of the total 
variance can be exp lained by these five factors and over 
78% items have loadings over 0.7 or below -0.7. 

TABLE I 
FACTOR LOADING AFTER ROTATION

Factor Rotation Sums of Squared Loadings

1965-1994 2004-2013 Parallel Baseline

T % Va T % V T % V

1 40.781 42.48 39.466 39.864 3.926 40.82

2 20.34 63.668 34.13 74.339 3.607 61.115

3 13.806 78.049 6.473 80.877 3.514 74.885

4 6.697 85.025 5.302 86.233 3.191 81.247

5 5.52 90.775 2.455 88.713 3.068 86.899

6 2.627 93.512 1.853 90.584 2.961 89.473

7 1.716 95.3 1.558 92.157 2.883 91.235

8 1.531 96.894

a T : Total variance explained, sic passim;
b  % V: Cumulative percentage of variance, sic passim;

Clustering analysis shows a consistent result with 
factor analysis. The first cluster covers all papers of 
Factor 2 and Factor 3. The third cluster includes most 
papers of Factor 1 while Cluster 2 contains all papers of 
Factor 4 and 5, as well as a small portion of Factor 1.  

The MDS map (Fig.2) with R2 = 95.215% shows 
clearly that these factors are nearly isolated and located in  
different parts of the map. These results indicate there are 

598 X. Liang et al.



possibly three antecedents that are the origins where 
studies on R&D internationalisation emerge. Within  the 
three main streams, several small directions emerge.  

TABLE II 
PRINCIPLE COMPONENT FOR THE PERIOD 1965-1993

(PUBLICATIONS ARE PRESENTED BY THEIR IDENTICAL 
NUMBERS FOR SHORT) 

F1 F2 F3 F4 F5

1 17 33 55 75 10 68 2 9 66

3 18 37 56 76 23 72 7 11 53

4 19 39 57 77 29 83 24 32

5 20 40 59 80 38 86 42 34

6 21 43 60 84 41 87 78 35

8 22 47 61 85 44 88 79 36

12 25 48 67 95 45 89 81 66

13 26 49 69 46 90 82

14 27 50 70 58 94 91

15 28 51 71 62 68

16 30 52 73 63

17 31 54 74 64

T 42.643 20.591 15.344 6.182 3.307

%V 44.420 21.449 15.983 6.440 3.445

All publications are with loadings greater than 0.4 or less than -0.4.

Fig.2. MDS map of cocitation correlation matrix (1965 1993)  
(Stress=0.12414) 

B. Bibliographic Coupling Analysis 
Bibliographic coupling is used to analyze 437 

publications publications together with their 11857 
references from 2004 to 2013. Similar strategy for factor 
analysis is implemented. There are 7 factors in the initial 
factor analysis while 4 factors in comparison with parallel 
analysis. Factor analysis of fixed four factors is performed,  
as reported in Table III. Th is factor analysis is also 
effective. The total variance exp lained is over 85% and 
82% loadings are below -0.7 or over 0.7. 

Cluster analysis reveals four clusters from all 
publications in the period, consistent with factor analysis. 

TABLE III 
PRINCIPLE COMPONENT FOR THE PERIOD 2004-2013

(PUBLICATIONS ARE PRESENTED BY THEIR IDENTICAL 
NUMBERS FOR SHORT) 

F1 F2 F3 F4

4 26 49 79 2 32 62 89 43 1

6 27 50 83 3 33 63 91 46 7

8 28 51 85 5 35 64 92 58 17

10 31 53 88 9 36 69 93 61 68

14 34 55 90 11 41 70 94 67 73

15 37 57 96 12 45 72 84 86

16 38 65 97 13 48 74 95

19 39 66 98 18 52 75 99

20 40 71 21 54 80 100

22 42 76 23 56 81

24 44 77 29 59 82

25 47 78 30 60 87

T 37.924 36.334 6.931 5.680

%V 43.656 41.826 7.979 6.539

All publications are with loadings greater than 0.4 or less than -0.4.

Fig.3. MDS map of bibliographic coupling matrix (2004 2013) 
(Stress=0.07419) 

The first cluster covers all publications of Factor 3 
whereas the fourth includes all publications of Factor 1. 
The second cluster consists of most papers of Factor 2. 
The third cluster contains all publications of Factor 4 and 
part of Factor 2.  

The MDS map (Fig.3) with R2 = 99.082% of this 
period is also provided. Four clusters of literature 
constitute the main frontiers of the up-to-data research in 
R&D internationalisation that evolves from the orig inal 
research questions. All these results will be used as 
guidance for the systematic review of literature. 
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IV. DISCUSSION 

A. Big Questions in R&D Internationalisation Research 
Three antecedents of R&D internationalisation

research are identified, that is, the three clusters in 
cocitation analysis. 

International Business. Cluster three (Factor 1) 
includes all publications that have strong linkages to 
international business (IB) theory, including the classic 
and generic IB works [e.g. 20-23]. These works served as 
a foundation for other research topics of the cluster. Later 
researchers focused specifically on internationalisation of 
R&D but following the paradigm of these classic works. 
In this cluster, R&D internationalisation is a branch of 
international business. R&D internationalisation can be 
explained as a result of R&D FDI [24]. The main aims of 
R&D internationalisation research are (1) tracing and 
characterizing R&D FDI [e.g. 25-27] and (2) how 
headquarters to designate the best roles and 
responsibilit ies for overseas R&D centres [28] and (3) 
how to collaborate with overseas R&D centres [29-30]. 
The first aim embeds with traditional IB research while 

internationalisat

Innovation Research. Publications in cluster one 
explained R&D internationalisation from an innovation 
management (IM) perspective. R&D internationalisation 
is a new phenomenon for innovators to use global 
resources to make new breakthroughs. Overseas R&D 
activities are to innovate in a global context. This point of 
view is operationally oriented to understand R&D 
internationalisation and strongly associated with 
traditional theories of IM and R&D management. In  
particular, studies in this cluster focus on ways to organise 
global innovation activities. The main research topics 
include allocation  of overseas R&D resources, for 
example [31], coordinating and integrating R&D 
activities of both home and overseas [e.g. 32-33] and 
creation of value from global knowledge assets [34]. 

Strategic Management. Cluster two main ly explained 
the internationalisation of R&D, as a strategic 

s global 
strategy. Main research question accordingly is how firms  
can obtain competitive advantages through R&D 

-36] on 
strategy are both shown in the graph. Important topics 
examined from the SM angle include global R&D 
strategy [37], strategic decision on R&D 
internationalisation, in  particular the location strategy [38-
39]. Decisions on R&D internationalisation cannot be 
simplified as location or FDI decisions, because R&D 
internationalisation can be a strategic issue of scanning 
informat ion on advanced technology and rivals [40].  
Thus, this angle explained R&D internationalisation 
complementary to the IB perspective. 

These three perspectives are critical to provide a 
holistic picture of R&D internationalisation research in 

early ages. IM and SM angles offers a comprehensive 
picture of management views on internationalisation of 
R&D from both operational and strategic levels whereas 
IB cluster helps understand R&D internationalisation 
from an economic angle,  which emphasizes economic 
motivations and patterns of R&D FDI and is 
complementary to the management views.  

B. Frontiers in R&D Internationalisation Research 
According to the bibliographic analysis on recent 

publications, four groups of literature are identified. 
These four groups are frontiers of recent research.  

Managing International R&D Networks. Publications 
on Cluster Four (mainly  Factor 1) focus on unfolding 
management issues on inter-firm international R&D 
networks at strategic, operational and dynamic level. 
Strategically, managing international R&D networks 
requires researchers to understand capabilit ies [41] and 
identify new strategies [e.g. 42-43] of these networks. 
These strategies that aim to help firms manage and design 
R&D networks, advocate for a p lay-structure dual 
relationship. Empirical research [44] has been conducted 
to understand impacts of dual relationships (source 

performances. Some other research tries to understand the 
impact of positions [e.g. 45], structural strength and 
density [e.g. 46], as well as typological structures [e.g. 47] 

many innovators are of advantage in innovation. Such 
linkages can be formal and/or informal tiers.  

From a longitudinal perspective, structural analysis of 
R&D networks has been focused on evolution and 
dynamics issues [e.g. 48-49]. Evolutions of R&D 
networks unfold p rocesses of embedding R&D networks 
into foreign markets. It also informs  s tages to build  up 
and operate R&D networks.  

The last subgroup focuses on managing international 
R&D network at an operat ional level. These publications 
emphasize governance options in terms of scopes and 
modes of international R&D networks [50]. These options, 

innovation performances [51]. Firms need to be able to 
embed into local environment in operating R&D networks 
for superior innovation performances [52]. The process of 
local embeddedness requires interacting with local 
intellectual property protection policies [e.g. 53] and 
regional social capital [52].  

R&D Internationalisation- New Practices. The 
second cluster mainly covers papers of Factor 2 that focus 
on understanding up-to-date new models of global
innovation in R&D internationalisation. Many new forms 
of R&D internationalisation have been observed and 
studied, such as, international R&D service [54], 
appropriability of R&D [55], g lobal R&D alliances in 
emerging countries [e.g. 56-58] and international R&D 
teams [59].  The new practices can be categorized to 
three types, first new R&D internationalisation practices 
from emerging countries, then, new g lobal innovation 
models (most internally designed by firms) and a new 
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approach to interact with local contexts for global 
innovation. 

These studies enrich the landscape of R&D 
internationalisation by linking R&D internationalisation 
research with  other fields such as business model and 
project management. Some works [e.g. 60] try to provide 
a more integrated view to understand practices of R&D 
internationalisation, for instance, how to choose proper 
forms of R&D internationalisation [61]. They also 
provide an operational perspective to understand the 
location, management techniques and performance of 
establishing R&D labs overseas. 

Spillover of International R&D Networks. The first 
cluster (Factor 3) is mainly on spillover effects of the 
international R&D networks. The spillover effects of 

However, the case found insignificant spillover effects. A 
possible answer to this question may be the differentiat ion 
of the direct (e.g. patents) and indirect (e.g. intermediate 
goods) spillover, where the direct spillover effect is 
significant [63]. Further, effects  of international R&D 
spillover have been examined through a long run and a 
short run [64]. Sp illover effects are significant in many 
cases. However, technological gaps of countries can be 
enlarged due to different level of R&D input in host and 
home countries [e.g. 65-66]. These studies consider the 
interplay of R&D network and local R&D recourses, 
emphasize that such interplay is key channels for spillover 
effect [67].  

Small and Medium Sized Enterprises (SMEs) and 
R&D Networks. The last is Cluster Three that consists of 
papers of Factor 4 and some of Factor 2. This cluster 
focuses on exp lain ing how SMEs can make use of global 
R&D networks at an inter-firm level to exp loit their own 
entrepreneurial talents [68].  SMEs are usually 
specialised in a very  specific sector. They usually can 
obtain competitiveness in innovation and performance on 
the specialisation. Hence, SMEs are encouraged to 
participate in international inter-firm R&D networks [69] 
to win out in global markets. Key moderators to facilitate 
the participation of SMEs can be the use of social 
knowledge and national innovation system [70-71]. These 
clusters comprehend previous studies because it helps to 
provide specific v iews on SME while p revious studies are 
mainly focused on large MNCs. 

To conclude, most frontier studies on international 
R&D networks are targeted at three subjects, i.e., MNCs, 
SMEs and policy-makers. MNCs are leaders of 
international R&D networks and have to develop more 
complex strategies based on structures of R&D networks. 
SMEs are major participants in R&D networks and have 
to make use of local knowledge and social capitals. From 
government perspectives, they need consider spillover 
effects of R&D internationalisation to facilitate local 
innovation capability development and economic growth. 

V. CONCLUSION 

Bibliographic analysis outlines the intellectual 

structure of R&D internationalisation. Some remarkable 
characteristics of R&D internationalisation research have 
been summarised. Here, some new research directions are 
provided based on previous discussions.  

First of all, most recent research focuses on inter-firm 
R&D networks [e.g. 41-53]. While one frontier in R&D 
internationalisation research is to summarise new 
practices of firms from emerg ing economies [e.g. 56], it  
may indicate a revisit to examine intra-firm R&D 
networks. The intra-firm network of R&D department 
within one MNC had been carefully ten years ago [72]. 
However, most situations have been changed substantially.  
For instance, MNCs are expanding R&D facilit ies to 
emerging countries. They need take advantages of all the 
internal R&D units worldwide to leverage external R&D 
resources globally. Thus, there is a need to integrate 
internal R&D networks (intra-firm level) and external 
ones (inter-firm level). This is because the former one 
unfolds R&D operating mechanis ms within a firm and the 
later one indicates collaboration  approaches with other 
firms. Integration of internal and external networks can 
clarify the interplay of internal and external R&D 
networks, which can improve innovation performance and 

To integrate intra-firm and inter-firm R&D networks can 
be an essential future direction for research. 

Secondly, current research also focuses on capturing 
internal attributes of R&D networks [e.g. 50-53], for 
instance, R&D network structures, dynamics of R&D 
network and configurations of R&D networks. The dual 
relationship [44] indicates the necessity to push the 
research boundary to external attributes of R&D networks. 
Two external attributes are in particular need of research. 
On one hand, there neglects investigations on the 

network governance, both at inter-firm and intra-firm 
levels. R&D networks are consisting of R&D units that 
are managed by R&D departments of MNCs. In th is sense, 
R&D network is implicitly in fluenced by their 

strategies. On  the other, R&D networks are in  certain  
contexts, including business and industrial environment, 
technological development and other infrastructure 
conditions (e.g. information systems). More research can 
be conducted to understand influences of contextual 
issues on R&D networks. Based on relevant contextual 
studies, it can be possible to find out some key  
contingence shaping structures and strategies of R&D 
networks. This is a complementary angle to the current 
configuration approach of understanding R&D networks. 

Many research [e.g. 54-61] summarised various new 
forms of R&D internationalisation across industries and 
countries.  These studies provide fragmented views on 
R&D network, which offers an opportunity to integrate 
them to a holistic view. The integration can reveal 
whether there exists general approach for managing R&D 
internationalisation. Influential theories on R&D 
internationalisation may be generated from this 
integration that can provide a rudimentary understanding 
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on R&D internationalisation.  
This research has its limitations as well. The 

intermediate periods (from 1994 to 2003) of the 
publications have been left out for analysis. Meanwhile, 
more studies can be conducted to understand this period, 
which enables us to find out an evolutionary process of 
research on R&D internationalisation. 
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Abstract - The power grid investment has the 
characteristics of huge amount of investment, long payback 
period, and it is a very big spending of the power grid 
enterprises. Therefore, it has the very strong practical 
significance for the power grid enterprises to quantitatively 
study and accurately grasp their investment capacity, and 
then formulate a reasonable investment plan, use the 
financial resources as a whole, make financial benefit play 
the leading role. In this paper, combined with the financial 
management theory, a quantitative model is conducted 
which uses two constraints of target profits and assets 
liability rate to study the power grid investment capability. 
The calculation results show that the proposed model can 
accurately reflect the investment capacity of power grid 

provides the scientific basis for power grid enterprises to 
invest reasonably and increase the rate of return effectively.

Keywords - Calculation model, investment capacity, 
investment demand, power grid enterprises 

I. INTRODUCTION 

Grid is one of the vital basis of national economic 
construction, it has very important significance in the 
support of industrial production, maintaining social 

the rapid growth of demand for electricity, the investment 
scale of power grid construction appears sharply rising
trend year by year, but investment spending soared. So as 
the debt-to-assets ratio of power grid enterprises often 
climb, it  not only makes enterprise financing scale be 
restricted, also affects the enterprise's financial soundness. 
In order to promote the rationality of the power grid 
enterprise investment planning, ensure an orderly 
investment, and promote the healthy development of the 
enterprise, the construction of a scientific investment 
capacity calculation model, and the accurate measurement 
of investment capacity of power grid enterprises has an 
strong practical significance. 

At present, the research on grid investment capacity 
is less. Reference [1] introduces concepts of return on 
investment, operating coefficient, etc. to build a 
quantitative model for power grid enterprise investment 
ability; Reference [2] using theories like grey  correlation 
analysis, GM 1, 1) model for grid investment capacity has 
carried  on the forecast analysis, and obtained the high 
accuracy; Reference [3] from two aspects of investment 
benefit analysis and investment estimates to measure 
investment ability with strong innovation. All these 
research results above calculate the investment capacity of 
power grid in their respective, but not on the composition 

of the investment capacity of the min ing and analysis, 
losing scientific nature. 

As a result, this paper, on the basis of previous 
studies, combining with  the theory of financial 
management and considering the target profits and asset-
liab ility ratio constraints, make a quantitative research for 
the composition of the investment capacity of power grid 
enterprises, and to build a model which can intuitively 
reflect the enterprise investment ability. It can make the 
power grid enterprise clear their own investment ability, 
the overall usage of financial resources, and scientific 
investment decisions. 

II. INVESTMENT CAPACITY CALCULATION 
MODEL 

A. Calculation principle 
The investment capacity of power grid enterprises is 

effected by two  constraints of target profit and asset 
liab ility ratio. The investment capacity is respectively 
calculated under the above two constraints, the smaller is 
served as the annual investment capacity, namely the 
investment scale within the limit of financial ability. 

B. Calculation model [4-7]

1) Calculat ion model with the constraint of target 
profit 

The investment capital which the company can put to 
use is mainly composed of two parts, the remaining 
amount of profit after deducting the target profit and 
depreciation. Combined with the requirements of 
minimum cap ital rate, the actual investment capacity can 
be calculated by the investment capital. The calcu lation 
formula is as follows: 

The actual investment capacity
The investment capital
minimum capital rate

                    (1) 

The investment capital total profit
the target profit depreciation

             (2) 

2) Calculation model with the constraint of asset 
liability ratio 

The repayment of the loan amount is set according to 
the actual company repayment plan, the constraint of asset 
liab ility ratio is determined by rising one percentage point 
than asset liab ility rat io at the beginning of the year, and 
the maximum is not more than 75%. The asset liab ility 
ratio can be expressed as the following formula: 
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NTOD L EPD
DAR

NTOA P L

I M R C
I N M

                         (3)

Where, NTODI  is total liabilit ies at the beginning of 
the year, NTOAI  is total assets at the beginning of the year,

LM  is the maximum loan amount, EPDR  is repayment 
loans, PN  is net profit, DARC  is the constraint of asset 
liability ratio. 

Transform the above formula into an expression of X, 
showed as follows: 

( )
1

DAR NTOA P EPD NTOD
L

DAR

C I N R IM
C

              (4) 

Here, the actual investment capacity mainly includes 
the total profit, depreciation and bank loans three parts, 
the formula is as follows: 

The actual investment capacity total profit
                                     depreciat +ion LM

          (5) 

III. EMPIRICAL ANALYSIS 

This paper uses a power company as an example. 
According to the company in  2006-2013 financial data, 
we calcu late the corresponding data considering the 
requirements of investment capacity calculat ion model. 
Then we calculate the maximum investment ability 
respectively under the two constraints of the target profit 
and the asset-liability ratio, and take the smaller values of 
both as the final investment ability. 

According to the provisions of the latest power grid 
enterprise investment policy [8], the enterprise has its own 
investment funds accounted for 25% of the total 
investment amount, therefore, the min imum capital rat io 
is 25%. Combining the specific requirements for the 
power company, profit  requirement is set to 2 billion yuan, 
the asset-liability ratio is set to one percent higher than 
that of init ial asset-liability ratio, the income tax rate is 
25%. The investment capacity of two models of the 
calculation results are shown in Table I. 

TABLE I 
THE INVESTMENT CAPACITY OF THE MODEL CALCULATION 

RESULTS ONE HUNDRED MILLION YUAN 
model 2006 2007 2008 2009 2010 2011

Ensure the 
target profit 174.4 157.6 157.3 74.4 285.5 307.2
Ensure that 
target asset-
liability ratio 87.6 92.8 99.3 112.5 139.4 155.5

For intuitively  describing the relationship between 
investment capacity and the actual investment, we 
compare the company's actual investment ability with the 
actual investment of data analysis in 2006-2013, as shown 
in Fig.1. 

From Fig.1, we can see that the power company's 
investment ability present a trend of increasing year by 
year, while the actual investment has slight trend of 
fluctuations because of the power grid construction and 
technical transformat ion. From 2006 to 2013, the electric 

investment ability. Th is indicates that the power of the 

company's operating performance can basically meet the 
annual capital construction investment. 

Fig.1. Comparison between the actual investment capacity and the actual 
investment value in 2006-2013

But in 2009, the actual investment exceeds the 
largest investment capacity. The investment capacity can't 
meet the annual demand for investment, and the actual 
investment is in the jump. If its long-term investment 
capacity can't meet the actual investment, it will 
inevitably bring power grid investment insufficiency and 
overweight the grid company financial p ressure. As a 
result, it  will led to  affect  Power g rid  companies as well 
as the regional electric power development seriously. 
Therefore, this paper deals with the special phenomenon 
in 2009 with detailed observation and analysis, then 
consider that there is three following reasons. 

A. International economic situation [9-11]

In 2008, the global financial crisis broke out, then the 
domestic and international economic situation was 
undergoing profound changes. The province's economy, 
export, processing, and small and medium-sized 
enterprises as the main  characteristics, was in fluenced a 
lot. Electric power demand has close relation with the 
development of national economy, which is positive 
relationship. When economic development rapid ly, the 
electricity demand is large, and the grid enterprise's
revenue is rising; on the other hand, if the economic 
downturn, social power consumption reduced and 
electricity grid enterprise's revenue will also be cut 
accordingly. Electricity demand changing leaves behind 
the change of the economic situation. In 2009, the 
province's electricity demand fell,  then the growth of 
electricity sales amount is clearly slowing with an 
increased risk of arrearage, main  business revenue growth 
is lesser, so as to make the annual investment ability 
increase slower than that of 2008, which brought the huge 
challenge for the operation and development of power 
grid enterprises. 

B. Cost control losing 

3% around which is a high line loss, making the line loss 
cost highly, until 2010 the line loss management level 
improved, the line loss began to decline, and reduce the 
cost. B
rapidly year by year, and by 2010, it reduce from 800 
million yuan to 350 million yuan, which  greatly improved 
the company profit space, so as to make the investment 
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level, including line loss management, has great in fluence 
on investment capacity. The company should control the 
cost in a reasonable manner, guarantee the profits, and 
ensure continued investment ability. 

C. Uncontrollable natural disasters [12-15]

Through the research, the province was in the 
southern areas of ice disaster, continuous low temperature 
sleet freezing weather caused varying degrees of damage 
to all levels of power grid, such as transmission lines 
appearing fold tower, tower accidents, substation tripping 
shutdown, etc., which led to funds of repairing and 
reconstruction, technical transformation  have risen 
sharply. For ice and snow disasters causing such a serious 
impact to all levels of line, we investigate its reason, 
mainly  had the fo llowing three aspects: one is the actual 
thickness of ice surpass circuit designed ice thickness; the 
second is the original procedures of circuit design 
technology require related load, especially the value of 
longitudinal uneven tension, was low; the third is that line 
was not to avoid adverse terrain, thus the location of 
weather was cold. After the ice disaster, the company 
continuously pushed for deepening the work of melting 
ice in order to promote transmission lines ice 
reconstruction project. Considering lines importance and 
power outages, the investment amount was huge for the 
corresponding circuit  implementation d ifferentiation of 
melting ice, reinforcement and reconstruction. This is also 
one of the important reasons in the province power grid 
investment increasing in 2009. 

D. Strategic decisions of Expansion of domestic demand 
and growth of promotion 

Although the financial crisis has effect on  the real 
economy of the province and the consumption growth of 
whole society is slowing, this province is still in the stage 
of industrializat ion and urbanization. In 2009, the 
province determined the government-led investment 
183.9 b illion which will spur social investment of more 
than 500 b illion. Stimulating domestic demands generate 
heavy effect on economic growth. 

In order to satisfy the demand of social economic 
development, this provincial company seriously 
implements the state and the province strategy on 
expanding domestic demand and promotes economic 
growth. This province accelerates the annual power grid 
construction, increases the investment dynamics, 
integrates resources, focuses on promoting the 
construction of key projects and improves the main 
network structure so as to ensure the enough power which 
supplies for the province's economic and social 
development. 

Among them, 500 kV power transmission and 
transformation investment project  is the b iggest one. In 
2009, this provincial electric power company has built  six 
500 kV power transmission and transformation projects, 
expanded the four projects, and started seven projects. 
Then the production of the substation capacity and the 

length of the line to ach ieve the goal "ShuangQian", 
power grid construction scale hit a record high, the 
investment amounted to a 65.04% increase over 2008. 

In total, the electric power company's actual 
investment increased rapidly in a short time, the actual 
investment growth is slowing in 2009. The combination 
of these two aspects that make the company's investment 
ability can't meet the annual investment demand. 

IV. CONCLUSION 

This paper uses the theory of financial management, 
considers the constraints of the target profit and asset 
liab ility ratio, and builds inves tment capacity calculation 
model for power grid enterprises, which displays the 
quantitative approaches of the investment capability more 
intuitively. The case study shows that the model is 
applicable, the calculation is simple, and it can objectively 
reflect the power grid company's investment structure and 
investment ability. The proposed model in  this paper 
provides the decision basis for the grid enterprises to 
make scientific p lans, and it  has huge value of application 
and popularization. 
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Abstracts - In order to measure the time-variant
correlation of the combined inventory financing price
risks, the improved time-varying Copula model is
introduced, especially discussing the dynamic evolution
process of the time-varying correlation Copula model
parameters. The empirical analysis results show that
the effectiveness of time-varying SJC Copula model is
better than the time-varying normal Copula function
when describing the asymmetrical correlation and tail
correlation.

Keywords - Combined Inventory Financing,
Correlation Measurement, Time-varying SJC Copula
model

I. INTRODUCTION
For enterprise that owns several kinds of

inventory, combined inventory financing means to
use one or several kinds of inventory to finance. By
means of combined inventory financing, banks are
able to unified manage several kinds of inventory of
the enterprise, disperse risk by analyzing collateral
prices changes, and provide more reasonable pledge
rate to the financing enterprises [1].

As to the pledge price, the actual research is
more concerned about price change or yield of the
pledge [2]. There are several reasons. Firstly, price is
an absolute value, it provide the practical
concern of assets essence -- the value and investment
opportunity information. Secondly, from a statistical
point of v iew, due to the instability of the price, the
variance of the price will increase with time, which
means the variance is infinite. Some properties of the
price series, such as non stationary, make the
statistical modeling more complex, difficult. But the
yield series are stationary random sequence with
mean reversion, they have unconditional constant
mean and limited variance, therefore they have some
statistical properties, such as stationary, ergodicity
and easy to model.

The logarithm yield rate is usually used to
indicate yield rate. Yield rate

, in which

is the price at time . Logarithmic rate of return has
good statistical properties, such as the calculation of
multi period yield just need to add the yield rates of
each period .The theoretical scope of logarithmic
yield rate is ( , ) .

Price risk of combined inventory financing is
much more complex than single inventory financing;

correlation analysis is the core of price risk
measurement of combined inventory financing. The
common correlat ion analysis methods are: Granger
causality analysis method, the linear correlation
coefficient analysis [3-4]. But they have some
limitat ions [5]. The Copula function is a kind of
multivariate and nonlinear correlation statistical
analysis tool, which can be used to analyze the
nonlinear and non symmetrical relationship between
variables, commonly used in correlation analysis of
asset combination.

II. DEFINITION AND PROPERTY OF COPULA
FUNCTION

As correlation analysis and mult ivariate
statistical analysis tools, Copula function is proposed
by Sklar in 1959 [6], he po inted out that a multivariate
joint distribution can be decomposed into several one
variable marg inal distribution and a Copula function
[7-8] which shows the correlation structure between
variables. Because Copula function can connect
marg inal distribution and joint distribution of the
variables together, also called "contiguous
function" or "dependent function". In 1990s, Copula
function is used in the economic field, and has got
lots of attention and promotion [9]. The definition and
properties of the Copula function are introduced as
behind.

1 2, , , nC u u u is defined as a n-variable jo int

distribution function, the marginal distribution
function iu of 1 2, , , nC u u u is a uniform

distribution function in the interval 0,1 , then

1 2, , , nC u u u is named as n-variables Copula
function, it can be indicated as:

1 2 1 1 2 2, , , , , ,n n nC u u u P x u x u x u1 1 2 2 , ,2 2 n nx u x u x u1 1 , ,2 22 nx u x u x1 1 2 21 21 2 , ,2 22 (1)
According to the definition, the basic properties

of n-variable Copula function are as followed [10]:
(1)

1 20 , , , 1nC u u u 1
(2) n-variable Copula function is bounded in

n-dimensional space, which means for any variab le
iu , on the condition of other variables unchanged,

Copula function value will increase or constant along
with the variable iu increasing;

(3) [0,1]iu , the marginal d istribution
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function iu of
1 2, , , nC u u u meet the condition

of 1,1, , ,1, ,1n nC u u, n n, , , u, ,1, ,1, , , , 1, 2, ,i n, n, .

In addition, Copula function has many useful
properties, such as uniform continuity, boundedness.
The boundary of Copula function is also known as
the Frechet Hoeffding boundary, the expression is:

1 2
1

max 1,0 , , ,
n

i n
i

u d C u u u 1 2min , , , nu u u (2)

According to Sklar theorem, Copula function
has the character of existence and uniqueness [6].

If the marginal distribution
1 1 2 2( ), ( ), , ( )n nF x F x F x, ( )n n((, ((( is continuous, then the form

of the copula function is unique. Sklar theorem
proves that, for a joint distribution function

1 2( , , , )nF x x x, )n, , its marginal distribution function
and correlation structure can be considered separately.
The marginal distribution functions

1 1 2 2( ), ( ), , ( )n nF x F x F x, ( )n n((, ((( contain the information of
each marginal d istribution, while

1 2, , , nC u u u contains the correlation structure of
the random variables.

III. CONSTRUCTION OF THE TIME-VARYING
COPULA FUNCTION

The correlation between combined stock returns
will change according to the internal and external
market factors changes, namely the degree of
correlation between yields or correlation structures is
dynamic, the assumption of Copula function
parameter constant is not consistent with the actual.
Therefore consider the introduction of dynamic
Copula model. Time-varying correlation or
correlation pattern, reflected in the research of
dynamic Copula, is mainly the following two
categories: time vary ing Copula model and variable
structure Copula model, this article focuses on the
characteristics of time-varying parameters, study the
dynamic changes of yields correlat ion of combined
inventory by the study on time vary ing Copula model.
As the pattern of this model change, only the
parameters of Copula function is time-vary ing, we

consider the variable edge distribution
modeling, just focus on the study of Copula function

time-varying characteristics.

A. The evolution equation for time-varying
parameters

When the correlation parameter o f Copula
function is constant, this kind of Copula function is
called static or normal Copula, when the correlation
parameter is time-varying; called time-varying
Copula function. Therefore the dynamic evolut ion of
the correlation parameter of Copula function is the
key to construct the time-vary ing Copula model. The
method to establish correlation parameter model that
changes with time is similar to ARCH model.

Suppose the correlation parameter is , the evolution
equation of the parameters is:

         ( , )t f t               (3)
Formula 3 describes the process of correlation

parameters changing with time. is a set of the
correlation parameter fluctuation factor,
and t represents time. The basic idea of the parameter
evolution equation is estimating parameter value in
next period according to the known information.

From the above analysis, the dynamical
evolution of equation parameters can also be
established according to the one to one corresponding
relationship between the Copula function parameters
and the tail dependence coefficient or correlation
measurement.

The first person studying on the time-varying
Copula model is Patton [11], he uses an equation
similar to ARMA (1, 10) to describe the parameters
of two variab les normal Copula function, namely the
dynamic evolution process of the Pearson correlation
coefficient. Based on Patton s research, Goorbergh,
Genest and Werker [12] put forward that the
parameters evolution process of the Copula function
depends on by the evolution process of the rank
correlation coefficient :

         0 1 1 2ln max( , )t th h       (4)

In which 1th and 2th are used to indicate the
yield rate fluctuation of two kinds of asset at the
moment t , the evolution equation describes the asset
correlation changes at different levels.

1 0
reflects that any market large fluctuation will promote
the correlation of the assets .

From above, the evolution equation of Copula
parameters can be determined according to the
correlation measure and the one to one
correspondence relationship between the correlation
measure and the Copula function parameters.

B. Time varying normal Copula function

When studying the general characteristic of time
series, it usually assumes that correlation coefficient
is constant for describing sequences correlation.
According to the definition of linear correlation
coefficient and the character of normal Copula
function, the static correlat ion coefficient is
actually a Pearson linear correlation coefficient of
variables 1( )u and 1( )v . Suppose is
variable correlat ion coefficient. Patton proposed a
process similar to ARMA (1, 10) to describe the
dynamic evolution process of normal Copula function
correlation coefficient ; this paper carries on the
expansion [13]:

1 1
1

1

1 ( ) ( )
q

t t t i t i
i

u v
q

(5) 

In which 1( ) is the inverse function of
standard normal distribution function, function
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1( )
1

x

x

ex
e ,

guarantee t with in the interval

[ 1,1] , tu and tv are sequence obtained by the

probability integral transform of the orig inal time
series. The lag correlation coefficient 1t in
Formula 5 can be used to describe the correlation
coefficient changes,

The mean value changes of the product of
1( )t iu and 1( )t iv with lagging order q can

reflect the correlation coefficient: when the product
of 1( )t iu and 1( )t iv are positive, it can
illustrate that 1( )t iu has positive correlation with

1( )t iv . When the product of 1( )t iu and
1( )t iv are negative, it can illustrate that 1( )t iu

has negative correlation with 1( )t iv .

C. the time-varying SJC Copula

Normal Copula function describe the
characteristics of tail correlat ion and
symmetry correlation, and the Joe-Clayton Copula
function is a good solution to this problem, the
distribution function is [14]:

11

( , ; , ) 1 1 (1 ) 1 (1 ) 1JCC u v u v (6)

In which the correlation coefficient 0 ,
coefficient 1.

The parameters and tail correlat ion coefficient of
Joe-Clayton Copula exist one to one correspondence
relation:

         
12 2U

        (7)

            
12L

           (8)
In which, U is upper tail correlation

coefficient, L is lower tail correlat ion coefficient.
From formula 7 and 8, it shows the upper tail
correlation coefficient is completely determined by
the parameter , and the lower tail coefficient is
completely determined by the parameters .

A major drawback of Joe-Clayton Copula
function is that when the two tail correlation metric is
equal, the simplified function form set of the model
cause that Joe Clayton Copula function still exists a
certain degree of asymmetry [15]. A more reasonable
model is to determine the non symmetry by measure
the tail correlat ion. In order to solve the problem that
Joe-Clayton Copula functions measuring the tail
dependence, Patton modified the Joe - Clayton
Copula model, and put forward the SJC
(Symmetrized Joe-Clayton, SJC) Copula model, its
form is as following:

( , , ) 0.5( ( , , )SJC U L JC U L
t t t tC u v C u v

(1 ,1 , ) 1)JC U L
t t t tC u v u v

        
(9)

In which tu and tv are sequence obtained by

the probability integral transform of the original
sequence, U is upper tail correlation coefficient,

L
is lower tail correlation coefficient. The

parameters and the tail correlat ion coefficient of the
time-vary ing SJC Copula function have one to one
responding relation, and can describe the asymmetric
correlations, the tail correlat ion of the variables and
the dependence at the time of dramatic market
volatility.

The parameters and the tail correlation
coefficient of the time-varying SJC Copula function
have one to one responding relation:

12 2U
          (10)

12L
             (11)

In which, U is upper tail correlation
coefficient, L is lower tail correlation coefficient.
From formula 10 and 11, it shows the upper tail
correlation coefficient is completely determined by
the parameter , and the lower tail coefficient is
completely determined by the parameters .

Based on the one to one correspondence relation
between the dependence parameter and the tail
dependence parameter, as long as the evolutionary
process of the tail dependence coefficient is
determined, the dynamic evolution process of the SJC
Copula dependence parameters can be
determined. According to the time-varying
characteristic of tail dependence coefficient, Patton
defined the time-varying equation of SJC Copula

tail dependence coefficient.
The dynamic evolution process of the SJC

Copula tail dependence coefficient is:

1
1

1 q
U U
t U U t U t i t i

i
u v

q   (12)

1
1

1 q
L L
t L L t L t i t i

i
u v

q    (13) 
In which, tu and tv are sequence obtained

by the probability integral transform of the original
sequence. Function 1( )

1 xe
is logistic transform

function; its function is to guarantee that the tail
dependence coefficient is within interval [0,1] at
anytime. Formula 12 and 13 simulate a ARMA (1, q )
model, the right of the model contains a exogenous
variables and autoregressive terms

1
U

U t
or

1
L

L t .
As The tail correlation coefficient of SJC Copula

function corresponds to two parameters of the Copula
function one-to-one, the parameter of Copula
function can be calculated by calculating the tail
dependence coefficient:

1

2( ) log (2 )U U
t t t     

(14)
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1

2( ) log ( )L L
t t t     

(15)

Therefore, as long as the evolution process of
the tail dependence coefficient is determined, the
dynamic evolution process of Copula parameters is
determined as well.

IV. CONCLUSION

This paper mainly studies the price risk
measurement of correlation combination inventory
financing; the correlation analysis is one of the core
problems in in measuring price risk of the combined
inventory financing. Copula function is a kind of
multivariate statistical analysis and nonlinear
correlation analysis tool; it can be used to analyze the
nonlinear and non symmetrical relationship of
variables, commonly in the correlation analysis of
combination asset. This paper introduced
time-vary ing Copula model to describe t ime-varying
characteristic of inventory portfolio yield dependence,
focusing on the analysis of the time varying SJC
Copula models and the time vary ing normal Copula
model, and discusses the dynamic evolution process
of time-vary ing Copula dependence
parameters. Case study shows that the time-varying
correlation Copula plays better performance in
characterizing the yield sequences correlation
relationship than static Copula model.
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Abstract - The outbreak and spread of International 

financial crisis has caused great effect on the global 
foreign direct investment. As an important foreign direct 
investment destination, China faces severe challenges, 
how to introduce and use foreign capital, changing 
China's economic development mode is an important 
subject for the government. From the perspective of 
investment fields, investment location selection, 
competitive strategy and knowledge spillover, this paper 
analyses the changes and influence of foreign direct 
investment, combining the analysis, discusses our 
investment promotion polices after the financial crisis. 

Keywords - FDI, investment promotion polices, 
international financial crisis 

I. INTRODUCTION 

Foreign direct investment (FDI) has made an 
important contribution on economic and social 
development since China’s reform and opening-up. By 
the end of 2008, China’s actual use of FDI reached 
$852.61billion, the eastern coastal areas become the 
focus of FDI, many regional headquarters or R&D 
center of Multi-National Corporation appeared in 
Beijing, Shanghai, Jiangsu, Guangdong and other area. 
Since the American subprime mortgage crisis, the 
global economy is facing severe challenges. The 
economic crisis has spread from the financial sector to 
the real economy. Multi-National Corporation’s global 
business caused great difficulties. Grasp the new trend 
of foreign direct investment, formulate reasonable 
investment policies, changes the present situation of 
foreign focus only on low-end processing trade in 
Chinese. Attract more Multi-National Corporation to 
set up R&D institutions in China. It plays an important 
role for China to improve the quality of foreign capital 
utilization, promote industrial transformation and 
upgrading. China government proposed, utilization of 
foreign capital to optimize structure, broaden the 
channels, improve quality, perfect soft environment for 
investment, protecting the legitimate rights and 
interests of investors. Strengthening the work of 
introduce intelligence, talent and technology, encourage 
foreign enterprises to set up R&D center in China, 
promote the innovation of science and technology by 
drawing lessons from international advanced idea, 
system and experience. In the context of main countries 
in the world gradually out of the economic crisis, to 
explore the changes of FDI and change the concept of 

investment, has vital significance for China’s 
development in economic and society. 

II. INTRODUCTION OF RELATED RESEARCH 
Sollow (1957) in the study of creative economic 

growth theory, an important part of economic growth 
“input” was decomposed of technology, capital, labor, 
FDI etc [1]. Romer (1990) think, FDI accelerate 
economic growth by strengthening of the role of human 
capital [2]. Grossman and Helpman (1991) stressed that 
FDI enhanced the competition and promoting 
innovation, which leads to the improvement of 
scientific and technological, and improve productivity, 
then achieve long-term economic growth target [3].
Borensztien (1998) studied the role of FDI drive the 
economic growth based on increasing product 
categories, and believes that the foreign capital was 
more efficient than domestic capital [4]. Reis (2001) 
proposed foreign direct investment model of 
knowledge spillover, the foreign R&D activities can 
produce effect in two aspects of positive and negative. 
If the world interest rates higher than the domestic 
interest rate, foreign R&D activities will have a 
negative impact on the economy, and if the world 
interest rates lower than domestic interest rates, foreign 
R&D activities will have a positive impact on 
economic growth [5].

Specific to the impact of foreign direct investment 
on China, scholars study the role of China’s economic 
growth and technology progress played by FID from 
the region, industry, enterprises and other aspects. He 
Jie (2000), Pan Wenqing (2003) and Tu Taotao (2008) 
think that spillover effects of FDI on China’s industrial 
sector should be effect by the threshold level of local 
economic. Simply raise economic openness of an area 
is meaningless, even with a negative value. The 
positive spillover effect must be based on the level of 
economic development, infrastructure, improving their 
technical level and expanding market scale [6-8]. Jiang
Dian-chun (2004), Zhang Yu Zhang Cheng (2011) built 
two stages game model to analyze the influence on the 
R&D capability of China enterprise from Multi-
National Corporation, think that if domestic enterprises 
and Multi-National Corporation can be closely linked, 
China can realize technological progress through the 
acquisition of knowledge spillovers [9-10]. Zhong 
Chang-biao (2010), Guo Feng, Hu Jun (2013) did 
empirical research by using the data of China provinces, 
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arrival at a conclusion that FDI not only regional 
spillover, but also indirectly led to the improvement of 
productivity in other areas [11-12]. Sheng Lei (2010), Li 
Wuwei, Cao Yong (2012), Zhang Zhengang, Hu Qiling 
(2012) studied foreign R&D activities had influence on 
independent innovation ability of Chinese domestic 
enterprises. The study show, foreign R&D activities 
enhance the capability of independent innovation of 
enterprises China. But foreign capital in different 
industry is in different degree, the spillover effects of 
foreign R&D have great difference [13-15].

From the above research, the influence of FDI on 
the host country mainly in promoting economic growth, 
improving the technology level and promoting expand 
market scale. But there are also many negative effects, 
for example, compel host country enterprises out of the 
market by technical monopoly and squeezing market. 
There is a big risk of excessive dependence on foreign 
direct investment on the host country’s economy. But 
in the economic fluctuation period, great changes have 
taken place in the Multi-National Corporation 
management behavior, may have a negative impact on 
the host country. How to grasp the direction of foreign 
investment after the crisis should be paid attention. 
Therefore, it’s needed to strengthen the research on 
FDI under the influence of economic crisis, and have 
important practical significance for the host country to 
avoid market risks and improve technology level. 

III. IMPACT OF THE INTERNATIONAL 
FINANCIAL CRISIS ON FDI IN CHINA 

Under the influence of international financial 
crisis, in order to reduce the cost and increase new 
product development efforts, many Multi-National 
Corporation adjust development strategies, to adjust 
and optimize the business developing country. Specific 
to China, the foreign direct investment amounted to 
China little decrease. But there are great changes in 
some areas, such as the FDI industry and location 
selection, knowledge spillover effect of FDI, the 
competition strategy of Multi-National Corporation and 
domestic enterprises. 

A. The areas of foreign investment is growing, 
emerging industries and high-end service industry has 
become a new investment hot spot.  

In the international financial crisis, China’s FDI 
industry is changing. Especially a lot of restricted areas 
will be open to foreign capital, promote the expansion 
of foreign direct investment scope. At present, foreign 
direct investment in China generally focused on 
electronic information, communication, medical, 
automotive and other industries, emphasis on 
manufacturing industry. Under the influence of the 
financial crisis, China is faced with the challenges of 
industrial structure upgrading, some of the emerging 
industry has been rapid development in the country’s 
strong support, such as environmental protection, new 

energy, new material, bio medicine and other fields 
will become the new hot spot of FDI. On the other 
hand, in order to reduce the unemployment rate, the 
western countries put forward regression and 
manufacturing reengineering idea, transform and 
upgrade the traditional manufacturing industry. It 
provides opportunities for China to carry out R&D, 
marketing, logistics outsourcing in service industry. 
Many Multi-National Corporation and financial 
institutions want to get rid of the financial crisis as 
soon as possible, will accelerate the reorganization and 
integration, improve the core competitiveness, the more 
business includes part of the core business outsourcing 
to other countries and regions. This has provided an 
important opportunity for China to use foreign capital 
to develop modern service industry. 

B. The unbalanced of regional eased, FDI transfer to 
the central and western trend obviously. 

For a long time, China eastern coastal region has a 
large number of FDI, while the western region to 
attract foreign direct investment less, FDI was in very 
unbalanced state. With the coastal area prices of labor 
cost and resource rising, the investment situation at 
present mainly focused on foreign direct investment of 
East will change, to invest in the central and Western 
regions. The Multi-National Corporation in the western 
region of Chongqing, Chengdu, and Xi’an set up many 
branches. The regional layout optimization and 
balanced development of foreign investment in China 
is conducive to China's regional coordinated 
development. 

C. Foreign enterprises and domestic funded enterprises 
cooperation is showing a variety of forms and 
increasing R&D cooperation behavior

Under the influence of the financial crisis, foreign 
investment funds seriously. As far as possible, use of 
resources, foreign enterprises and domestic enterprises 
in the same industry will expand cooperation. Foreign 
enterprises will put some monopoly technology sharing 
and domestic enterprises, promote the upgrading and 
transformation of their own. Foreign companies carry 
out comprehensive cooperation with domestic 
enterprises from product design, manufacturing, 
marketing and logistics, in order to reduce operating 
costs and enhance market competition ability. In order 
to maintain the foreign enterprises in the key of 
technology monopoly, foreign firms will tend to 
develop vertical cooperation with enterprises in the 
industry chain, to enhance the whole value chain 
through sharing the cost of research and development. 
Cooperative R & D will be a new competition strategy 
taken by foreign enterprises in this situation, provides 
an important opportunity for domestic enterprises to 
acquire advanced technology through cooperative R & 
D. 
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D. Foreign direct investment makes knowledge 
spillover effects in China increased 

Foreign direct investment is the main channel of 
knowledge spillovers. As FDI adjust the scale of 
investment in China, the conduction effect will be 
further enhanced. Under the influence of international 
financial crisis, foreign enterprises will use more 
advanced technology to enhance their competition 
ability of the production, and get more market share. 
So, more advanced products will be produced in China 
and knowledge spillover effect will be more obvious. 
And this process will be accompanied by knowledge 
spillover effect. In addition, to enhance the innovation 
capability of Chinese enterprises, to resist the impact of 
the economic crisis, the Chinese government has 
increased the R&D investment and subsidies, 
especially the construction of public innovation 
platform to enhance the absorptive capacity of 
enterprises in our country, narrowing the enterprise 
technical gap between China and developed countries, 
which will further enhance FDI spillover effect on 
China’s enterprises. 

IV. POLICY RECOMMENDATIONS 

With the increasing pressure in adjustment of 
industry structure in China, China’s investment policy 
will change from focusing on quantity to quality. 
Foreign preferential policies also are adjusted, and the 
unified tax rate for domestic and foreign enterprises is 
the obvious sign. We need to change the way of 
working, changing from giving foreign preferential 
measures to giving foreign better service environment. 
Give FDI positive guide, and guiding FDI play a 
greater role in China’s economic restructuring and 
independent innovation. 

A. Actively guide the Multi-National Corporation set 
up R&D centers in China, and encourage foreign 
investment in emerging industries.  

For a long time, we focus on the growth amount 
of attracting foreign investment, while ignoring 
technology requirements of FDI. In the context of 
building innovation oriented country, it’s needed to 
actively guide foreign investors to set up R&D 
institutions in china. The foreign research and 
development institutions incorporate regional 
innovation system in our country, and give appropriate 
subsidies and preferential. The state should attract 
foreign investment in R & D in the emerging field of 
new energy, new materials, bio pharmaceutical etc.. 
The government should guide foreign businesses to 
play a greater role in the emerging field, and promote 
the demonstration effect and the competition effect for 
the development and innovation of enterprises. 

B. To create a good policy environment, promote 
balanced development of foreign direct investment in 
China’s Regional. 

Since the reform and opening, with many 
preferential policies and regional advantages, in the 
eastern coastal area is larger proportion to attract 
foreign direct investment. The eastern and western 
regions of the FDI showed uneven distribution 
situation. With the deepening of the western 
development, the western region will get more state 
support. Guide foreign direct investment in China's 
western region, to promote development of the West 
and plays an important role in the balanced 
development between the East and west. The western 
region should exert the advantage of resource and 
policy, do the preliminary research and industrial 
development planning, to guide more FDI to undertake 
the transfer of industries, to develop new energy, 
agricultural products processing, equipment 
manufacturing and other industries. Continuously 
improve the level of economic development of the 
western region. 

C. Establish encouragement mechanism for 
innovations, promote the development of cooperation 
between domestic and foreign enterprises. 

Under the influence of the financial crisis, foreign 
enterprises and domestic enterprises competition 
strategy are changing. Cooperation will replace the 
competition become an important relationship between 
enterprises. Government should give domestic 
enterprises appropriate subsidies, strengthen 
enforcement of intellectual property rights, encourage 
domestic enterprises and Multi-National Corporation to 
carry out cooperation in research and development, 
strengthen the construction of innovation platform, 
enhance the ability of independent innovation of 
domestic enterprises, narrow the technology gap with 
the advanced enterprises, enhance the absorption 
capacity of the domestic enterprises. Support the 
domestic and foreign enterprises in the field of key 
technology research and development cooperation, to 
promote the knowledge spillover between domestic 
enterprises and Multi-National Corporation. 

D. Innovation investment, the foreign investment target 
and direction should be guided by market  

From essentially said that investment is a 
commercial act, which belongs to the field of 
competition. The government should gradually fade out 
from investment, to the enterprise or other market main 
body. In accordance with the business plan and the 
laws of the market, the government should clear the 
role position in the investment process. With the 
diversification of foreign investment, we should adopt 
various promotion means, pay attention to merger 
investment, private equity fund equity investment, and 
overseas listed public investment in new investment 
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ideas. Encourage enterprises to become the main body 
of investment. 

E. Perfect the mechanism of foreign investment 
withdrawal and exit, reasonable promoting investment 
promotion work. 

Since the outbreak of the financial crisis, the 
eastern region of China has a series of foreign 
retreating tide. Governments at all levels should 
strengthen warning and supervision of foreign 
investment, and actively help enterprises solve the 
difficulties and problems. For foreign-invested 
enterprises, give the necessary credit support with loan 
principle. Strengthening the legal construction of 
foreign economy, improve the utilization of foreign 
investment laws and regulations system. To guarantee 
the foreign investment enterprise management 
autonomy, safeguard the legitimate rights and interests 
of investors are not violated, protect the legitimate 
rights and interests of workers. Establish FDI exit 
mechanism, guide FDI improvement from quantity to 
quality. 

F. Learn the advanced experience of developed 
countries, and encourage domestic enterprises to carry 
out overseas investment business. 

Government should encourage domestic 
enterprises and foreign capital enterprises to strengthen 
cooperation actively. Play more attention to foreign 
strategic of assets and emerging industry. Learning the 
experience of foreign business in China, and encourage 
excellent domestic enterprises participation in foreign 
enterprise restructuring by purchasing, merger, shares 
and other forms. Seek the foreign advanced technology 
by reverse technology spillover effect. Absorption of 
foreign advanced technology, to meet the needs of 
China’s current of lacking innovative ability, 
continuously improve the opening up level of China’s 
economy and dealing with global challenges. 

V. CONCLUSION 

In the post crisis era, the investment is still playing 
an important role for China’s regional economic 
growth. The government should change the ideas, to 
create a good policy environments, guide the direction 
of foreign investment to emerging industries with has 
broad prospects for development. The government 
should try to improve the technology level of domestic 
enterprises, encourage cooperation between domestic 
enterprises and foreign enterprises. Enhanced 
absorption of foreign advanced technology and 
management experience, and improve the quality and 
level of utilizing foreign capital in China. Through 
these efforts, FDI will play a greater role for the steady 
and rapid growth of China’s economy and the 
adjustment of industrial structure. 
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Abstract - Comprehensive budget management 
framework design is the foundation of enterprise 
management system construction. In order to make the 
comprehensive budget management be effectively coupled
with business strategies, the contradictions of the 
comprehensive budget management system planning 
processes must be identified and resolved based on TRIZ 
theory. The company strategic targets are decomposed to
CSF (critical success factors) and KPI (key performance 
indicators) targets based on BSC methods. So in this paper, 
the problem of enterprise comprehensive budget 
management system dynamic framework design is solved 
based on TRIZ, BSC, strategic principle of consistency, a
case study on S  company is researched.

Keywords - BSC, comprehensive budget management,
strategic targets, TRIZ

I. INTRODUCTION
Comprehensive budget management is a set of 

scientific indicators management control system, which is 
business objectives, strategic 

targets, developing targets, layers of decomposition, 
budget control, coordination, and assessment [1]. The 
theorists and industries have increasingly and extendively 
pay attention to the comprehensive budget management. 
Scholars have conducted pioneering research for different 
forms of ownership enterprise budget management 
operating mode and selection, budget management system 
framework [2]. 

Enterprise budget management has gone through 
different stages of development, Su and Gao summarize 
three stages of foreign budget management, which  are 
infancy period, growing period, depth differentiation stage 
in their books [3][4].

(1) Infancy period. Th is is main ly demand-driven. 
Major budget models are included: A. Imposed Budget; B.
Single Budge. Major budget models are included: 1) 
Operating Budget. 2) Financial Budge. 3) Capital Budget. 

(2) Growing period. This is mainly based on 
demand-and- management driven theory. The main modes
of the budget are included: A. Comprehensive Budget: 
This mode analyzes Comprehensive Budget controlling 
by systems theory. B. Participatory budget: It can fully 
mobilize the enthusiasm of all employees, playing  their 
ability to self-control [5] [6]. C. Zero Based Budgeting. 

(3) Depth differentiat ion stage. This is mainly based 
on management-driven theory and method. The major 
budget models include: A. Activ ity Based Budgeting 
(ABB). Cooper, Kaplan (1991, 1998) raised Activity 
Based Costing (ABC) and the new budget method ABB [7] 
[8]. B. Kaizen Budgeting. Tanaka (1993) proposed Target 
Costing and Kaizen Budgeting [9]; C. Strategic budgeting. 

(4) The foreign budget management new 
development is Beyond Budget. This stressed company 
objectives of objectivity and relevance, and proposed 
reasonable performance appraisal, and closely integrated 
the dynamic process of budget management and business 
operations [10]. 

Domestic budget management researches include: 
Su put forward that enterprise budget management has 
four main functions: planning functions, coordination
functions, control functions and performance appraisal 
functions. Miao argued that people should re-recognize 
effect of the enterprise budget management on a strategic 
management. Pan  et al. held that comprehensive budget 
management is an important component of enterprise 
structure, and it  is the third level o f legal instruments after 
"Company Law", "Articles of Association". Gao viewed  
that comprehensive budget management is strategic 
security system in consistency with the enterprise 
development strategy. And it is an operation and 
management system fu lly integrated enterprise operation 
flow, capital flow, information flow and human resources 
flow, which lie in the core position of the internal control 
system. Yu et  al. considered that budget is an effective 
method to integrate enterprise resource, and not just as a 
means of control costs [11]. In accordance with the 
product life cycle theory Wang [12] summarized four 
modes of budget management which  are cap ital budget, 
sales budget, cost budget and cash budget. 

According to the above literatures, the author 
considers that a variety of theories, methods and 
techniques spur budget management mode changes. But 
there still exist some questions . Budget management and 
evolutionary degree of business process technology 
systems are in want of assessment index system. 

informat ion are not completely symmetrical, performance 
targets and budget management module lack close contact. 
These lead to poor control and strong subjectivity. And 
there is no integral and systematic management in budget 
management research. So a dynamic framework of 
comprehensive budget management should be established 
systematically in company. 

II. METHODOLOGY 
A. TRIZ (the theory of inventive problem solving) 

TRIZ has been promoted by several enthusiasts as a 
systematic methodology or toolkit which provides a 
logical approach to solve the problem of creativ ity for 
innovation and inventiveness. For this purpose, TRIZ 
offers a comprehensive set of tools to analyse and solve 
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problems in d ifferent perspectives. The main  contents 
include technology evolution theory, analysis, and conflict 
resolution principle. Its core is a technical evolution 
principle;  the principle believes that the technical system 
has been an evolution, and conflict resolution is the 
driving force of evolution [13]. 

Technology system evolution process is divided into 
four stages by TRIZ: infancy, growth, maturity, recession 
(As in Fig. nsive budget 
management system is evolving technology systems TRIZ 
provides specific and scientific guidance to enterprise's 
comprehensive budget management. It includes system 
evolution mode, the law of evolution, evolutionary lines 
and application models . Comprehensive budget 
management process is evolution from simple to complex, 
from lower to higher, from a single system to a mult i-
system[15][16].

Infancy
System A

Growing

Maturity

Recession

System B

System C

Time

Performance

Fig.1. Evolutionary curve of Technology systems about comprehensive 
budget management 

From Fig.1, if the system B is the next  generation 
new system of the system A, system C is the next  
generation new system of the system B, in order to ensure 
that the sustainability of the system development, the new 
system should be put into use before recession of the 
previous one system at the time [17]. Enterprise 
comprehensive budget management is a dynamic system, 
and external and internal environment may impact on it  
constantly, so real-time monitoring, feedback and 
dynamic ad justment should be carried out in the 
implementation process. 

B. BSC (Balanced Scorecard) 
BSC is a new performance management system 

which implements organization's strategic as operational 
indicators and target value. BSC is designed to create 
"strategic guidance" performance management system, in  
order to ensure the effective execution of corporate 
strategy. BSC provides a framework for selecting mult iple 
performance indicators related to strategic goals, 
Decomposed integrating traditional financial measures 
and non-financial measures four dimensions: customer, 
internal process, and learning and growth [18]. As in Fig.2.  

In order to make the comprehensive budget 
management align effectively with business strategies, the 
contradictions of the comprehensive budget management  
system planning processes must be identified and resolved 
based on TRIZ theory. The company strategic targets 
were decomposed by CSF and KPI targets based on BSC 
methods. This study on enterprise comprehensive budget 
management system dynamic framework design is based 

on TRIZ and BSC and strategic principle of consistency, a 
case study combined with S company is researched. 

     Learning and Growth

     Internal Business Process

Employees
morale

Employees
suggestions

            Rework

   Customer 
   satisfaction

 Accounts 
 receivable

Operating
expense

Return on 
Capital employed

+

-

+

         Customer

        Financial

Vision
And

Strategy

Fig.2. Balanced Scorecard: Four Perspectives 

III. A CASE STUDY
S company is a modern  aviation  group enterprise 

involving design, development and mass customizat ion 
production. S company has a market ing subsystem, a 
research and design institute, and three production bases. 
Its
world -class standard fasteners Industry Company based 

production, industrial management, capital operation, 

strongly implement market expansion, transformat ion 
extends, winning innovation, lean production, talent 

A. Decomposition of strategic objectives by BSC
Under the SW OT strategic analysis tools and a face 

to face questionnaire, the development v ista of S company 
to build China's first, world-class set of research & 

design, production and service as one of the high-end 
standard fasteners industry lead s objectives:
1) the annual output value will reach more than 10 b illion 
in the next five years. 2) The next decade (2011-2020) 
Objectives: Regular products rate will be 100%; Customer 
Satisfaction will be 95%; the rejection rate will be less 
than 3% (Based on the number of inputs and outputs 
meter). 
1) BSC strategy map 

The paper draws enterprise strategic map by 
analyzing the relationship of BSC from four dimensions.
The enterprise will lay  stress on using intangible assets 
such as human capital, informat ion capital and 
organizational capital (Learning and growth), and 
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efficiencies (Internal processes),innovating and 
establishing strategic advantages and benefiting the 
market (Customers), so as to achieve enhancement of 
shareholder value (Financial). 
2) CFS and KPI identification 

Decomposition of the strategic objectives is crucial 
for implementation of comprehensive budget management. 
And the assessment mechanism should be established so
that the CFS and KPI can promote the formation of a full 
range of vision, objectives and plans, its KPI used to 
assess the target reached quantitative indicators and 
answer inspected basis of strategic implementation plan 
"how successful". Flow chart as in Fig.3 [19]. 

Vision: Chinese first,  World-class

Strategy: High-end standard fasteners industry

Strategy goal: 2013 operating income of 30-32 
billion yuan, profits of 300 million yuan

Financial Customer Internal Business Process Strategy ability

Performance evaluation standards

Leading indicators Lagging indicators

CSF and KPI

Insist on a development strategy, 
Achieve four development goals

Fig.3. A company the BSC strategy of decomposition process 

B. Problems of S company 
The production of S company is characterized by a

small batch, multi-class, and multi-model, mult i-reg ional. 
The production bases are different from each other in 
products and life cycle  of the products. The main  
problems of the company is that product delivery rate is 
low; Rejection rate is high; multi-regional co llaborative 
management efficiency is low; the determination of the 
budget target is mult iplied by the coefficient of the budget 
posts based on last year's business data, it d id not take full 
account of the market changes. And different subsystems 
have different budget template, and they did not consider 
that calculation of the cost of materials is not uniform for 
the number of d ifferent types of products, and equipment 
depreciation, rejection, different reg ions of human cost 
differences accounting, ignoring the operating time of 
different products. They use a one-size-fits-all method to 

o not 
consider cost control methods for difficult to predict the 
costs, and do not clear low-carbon budget assessment 
index. 

C. S Company dynamic process framework of 
comprehensive budget management 

An overall budget management system is consisted 
of eight modules, including budgetary planning, 
budgeting implementation, measurement results of actual 
execution, audit metering data, variance analysis, 
feedback report, budget adjustments, reward and 
punishment. Each module is composed by technology, 
organization, behavior and environment four levels [19].  
Which can be seen in Fig.4 [1]. 

budgetary 
planning budgeting 

implementation

Based on TRIZ and BSC to Solve the problem Technology, 
Organization, Behavior, Environment 

 Measurement 
results of actual 

execution

Audit metering 
data

Variance AnalysisFeedback 
Report

Budget
adjustments

Reward and 
punishment

Market 
demand;
Strategic 

goals
Market 
supply

Fig.4. Dynamic framework of comprehensive budget Management 
system based on the of TRIZ and BSC methods 

IV. CONCLUSION 
In this paper a dynamic framework of comprehensive 

budget management system is established based upon 
theory of TRIZ and BSC, This paper identifies and 
resolves the contradictions of comprehensive budget 
management system planning processes and optimize 
comprehensive budget management system technical 
Route, decompose strategic targets of the company by the 
theory. Comprehensive budget management is a system. 
The company should pay attention to two key factors. One 
is to create an environment for the staff to participate in 
the  development. Budget management 
involving all levels of business Organizat ion requires 
agreement in thinking and cooperation of the employers 
and the employees. Another is to do well in the routine 
tasks. And strictly implement the budget requirements. At 
the same time the company must strictly implement 
budget management in accordance with the concrete 
requirements, and do well in  tracking and controlling the 
products and information feedback and supervision. 
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Abstract - At present the common satisfaction models 
are all to evaluate product or organization, in this paper, it 
puts forward the satisfaction model which evaluates the 
individual. Based on the cadre assessment problems in the 
interior of enterprises and institutions, it proposes the model 
of people being led satisfaction, and points out the unique 
difficulties of evaluating the individual. It constructs the two 
levels index system which includes the whole work of 
working unit, the work in charge by leaders, leadership 
qualities ability and employees benefits, etc. And according 
to the role of leaders in leadership activities, working 
relations with appraisers, it puts forward the distribution 
principle of index weight. 

Keywords - Index system, model, people being led, 
satisfaction

I. INTRODUCTION 

For any enterprises and institutions, the importance 
of the product or service quality is self-evident. With the 
development of science and technology and economy, 
people s demand for quality enhances unceasingly, the 
concept of quality has been continually changing [1]. The 
quality concepts with representative are: (1) The 
conformance quality. This quality concept emphasizes the 
conformity of product performance and technical 
standards, in line with the technology is in  order to ensure 
the realization of the basic functions of products, this is 
the technical natures of quality, it is the management 
mode which takes production as the center. The quality 
control in  this level for supplier reflects that the judgment 
of consumer on  the quality is based on the material object 
form of products, its criteria is the objective technology, 
product is the carrier o f quality. (2) Applicability quality. 
This quality concept is to suit for the need degree of 
customers as a measure basis, that is from the view of use 
to define the quality, it  considers that the product quality 
is the degree that the product can successfully meet 
customer s need when it is used

The development of applicability quality concept, 
illustrates the people are on the understanding of the 
quality concept, the customer demand is gradually put in 
the first place. But the products quality to meet customer 
using needs is not necessarily make the customer 
satisfaction, so the quality concept has developed to 
customer satisfaction quality , formed the new concept 

of quality [2].
In 1989, Sweden Statistics Bureau first applied the 

model and calculation method of C. Fornell doctor of 
America University of Michigan, designed Swedes 
Customer Satisfaction Barometer , for short SCSB. The 
index covered more than 100 companies of 31 industries 

in Sweden. It is the first nationwide index model of the 
customer satisfaction [3]. Since then, American, Germany, 
New Zealand, Canada and Taiwan province of China, 
Europe and other countries and regions, has established 
the customer satisfaction index of national, regional or 
industry.

Obviously, in the interior of enterprises and 
institutions, employee satisfaction is very important for 
the enterprises and institutions to improve customer 
satisfaction, therefore, along with the rise of the research 
on customer satisfaction, employee satisfaction has 
attracted widespread interest in the world, it is one of the 
new hot spot in the satisfaction research. In 1935, 
Hoppock. R. proposed the concept of Job Satisfaction [4],
it laid the foundation for later booming Employee 
Satisfactory. In our country, there are many experts and 
scholars and enterprises to carry on the all-round research 
on employee satisfaction [5, 6].

Initially, the model of customer satisfaction and 
employee satisfaction is only applied in the economic 
sector and enterprises, with the application range of the 
customer satisfaction index model is gradually widening, 
in some countries, including China, the public sectors 
have also begun to apply the customer satisfaction index 
model to evaluate public satisfaction. At present, in 
addition to the enterprise, satisfaction models have begun 
to study and application in the culture and health [7], the 
administrative departments [8], public service [3], and other 
departments and industries. Predictably, the application 
range of satisfaction model will be further expanded, the 
application departments will further increase.

II. PUTTING FORWARD THE MODEL OF PEOPLE 
BEING LED SATISFACTION

Satisfaction model is a calculation method and mode 
of simple, intuitive and easy operation. Satisfaction is a 
relative concept: beyond expectations is satisfaction, 
achieving expectations is basic satisfaction, lower than 
expectations is not satisfaction [9]. Customer Satisfaction 
is the feel of the degree that the customer for itself 
demands has been met [10]. It depends on the comparison 
of a product performance (or normalization of service 
process) to be understood by the customer with their 
expectations, if lower than the expectations of customer, 
customer will not be satisfied; If the performance is in 
accord with the expectations, the buyer will be satisfied. 
Anyhow, customer satisfaction is used to measure the 
indexes of customer satisfaction degree. Employees of 
enterprises and institutions are as same as customers, also 
have their psychological and physiological needs, 
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employee satisfaction (is called ES for short) is the 
satisfaction degree of this need [5].

Satisfaction model is used to evaluate the 
performance of an object, at present, the evaluating 
objects of research and application are organizations, such 
as enterprise, administrative departments and government. 
Customer satisfaction is to evaluate the achievements of 
organization from the organization exterior, and the 
employee satisfaction is to evaluate the organization s
performance from the organizat ion interior. So far, it has 
not found satisfaction evaluation model for the individual.

In the modern society, to evaluate the individual is 
very ordinary things. For example, the elect ion, 
recommendation, assessment leaders, is essentially the 
individual evaluation for leaders. Only those leaders who 
obtain good evaluation, will win the votes in the election, 
in the opinion polls wins recommended votes, in the 
annual assessment as well as various examination gets 
high marks. Therefore, using satisfaction model to 
evaluate the individual of leaders, is very necessary.

III. SATISFACTION MODEL OF THE PEOPLE BEING 
LED

Satisfaction model uses the simple data - satisfaction 
index to quantitatively express the good or bad of an 
object to be evaluated, there have been many related 
research and achievements. The satisfaction model o f the 
people being led is constructed on the basis of these 
achievements.

A. Description of satisfaction model
In the existing satisfaction model, its mathematical 

description can be simply expressed as [10]:
Suppose the evaluation project set of customer 

satisfaction is:
F= (f1, f2, f3, ..., fn)

Therein f1, f2, f3,..., fn are the factors that influence 
satisfaction, that is the index system of satisfaction model.

Comprehensive evaluation vector as follows:
S= (s1, s2, s3, ..., sn)

Therein s1, s2, s3, ..., sn respectively express the 
satisfaction of project f1, f2, f3, ... , fn, these data are given 
by the personnel who participate in satisfaction evaluation, 
and the data after the necessary mathematical processing 
can be used effectively..

Weight of evaluation project as follows:
W= (w1, w2, w3, ..., wn)

Therein w1, w2, w3, ..., wn respectively express the 
weight of project f1, f2, f3, ... , fn.

So the satisfaction is: 
CS=S·WT= (s1, s2, s3,..., sn)·WT

=s1·w1+s2·w2+s3·w3+...+sn·wn       (1)

B. Concept of the people being led Satisfaction model
The people being led satisfaction that proposes in 

this paper refers to the satisfaction degree of the people 
being led to the leader in a enterprises and institutions, is 
when the people being led accept the leader s leadership, 

they have experienced the degree that the actual feelings 
compare with their expectations. Satisfaction index of the 
people being led is the evaluation that the people being 
led give leaders. When the people being led  felt the
leaders better than expected, they will feel very satisfied; 
if they felt the leaders do not reach their 
expectations, ,they felt dissatisfied.

In order to distinct and separate from general 
satisfaction model, set up the people being led satisfaction 
as PLS 

C. Model features of the people being led satisfaction 
Satisfaction is a kind of psychological feeling, like 

other satisfaction model, the people being led satisfaction
has the common features of satisfaction:

1) Individuation: Satisfaction is related to 
expectation and perception, and the expectation and 
perception are closely related to the indiv idual economic 
status, cultural background, evaluation mot ivation, 
personal character, psychological mood and other factors, 
therefore, different the people being led to the same leader 
will have different satisfactory evaluation.

2) Generalization: All the people being led have 
experience perception for the leaders work, all of them 
would give the evaluation whether they feel satisfied or 
not. So the satisfaction survey cannot spread to the 
individual user.

3) Integration: The satisfaction of the people being  
led is not only about leader individual, but also relates to 
the working unit and the lead ing body, including the 
nature of the unit, image, ach ievement, prospects, fighting 
capacity of the leading body, relationship between the 
team members.

4) Relativization : The satisfaction of the people 
being led varies with the objective conditions and 
subjective requirements, has stage characteristics.

In addition, as for the individual satisfaction 
evaluation, the satisfaction model of the people being led 
has its unique features: 

1) Complexity : For evaluation work, evaluating the 
individual is the most difficult. This is because the human 
being itself is the most complex object, there is no way  to 
find a suitable and general index system to evaluate 
people. The satisfaction model of people being led which 
is proposed in this paper can only evaluate the individual 
under the simplified environment. 

2) Differentiation: Even using the same index system 
to evaluate the individual, people to participate in the 
evaluation may  also give ext reme incompatible evaluation, 
evaluation opinions would appear polarization. This is 
because evaluating the individual, especially evaluating 
leaders, inevitably admix into personal feelings, even the 
ideology factor.

D. Index system of the people being led satisfaction model 
To build evaluation pro ject set F, that is to build the 

index system, it is the first problem of satisfaction model.
The index system of the people being led satisfaction 

is composed of 4 first level indexes and 34 secondary 
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indexes, as shown in TABLE I:

There are 4 first-level indexes. The first index, the 
whole work of working unit points at the policy, system 
and work of involving the overall situation of the working 
unit, all of these are determined by the leading body. The 
second index--in charge of the work, it indicates that the 
work is determined by the leader individual, involving a 
range of work in the working unit, generally refers the 
work that the leaders to be evaluated are in  charge of. The
third index, qualit ies ability refers to the quality and 
ability that the leader individual has demonstrated in 
leadership activities. Here, the leadership quality does not 
refer to ability, morality, knowledge of the common 
people, but the radical mark that distinguish the leaders 
from the non-leaders, specifically refers to the necessary 
basic conditions of the leaders in leadership activit ies, 
also can be said it is the whole sum of knowledge, 
experience and behavior ability  that the leader has 
demonstrated in the leadership activit ies, these qualities 
often play a key role in leadership activities. The leaders 
qualities will be change when the profession 

characteristics, job function, time background, work 
nature has changed, therefore, it  is a  dynamic concept in a 
constantly changing. The fourth index, is employees 
benefits. This is employee satisfaction of a narrow sense, 
it is a kind of psychological and physiological feelings 
and opinions which the employees go in for the work 
itself and working environment.

E. Correction of index weight of the people being led 
satisfaction 

In the research field of satisfaction evaluation 
models, mostly according to the established index system, 
using methods of analytic hierarchy process or fuzzy 
evaluation to determine the index weight, then using a 
mathematical method to carry out evaluation [7]. The 
establishment of the index weight and the model solution, 
have had many applications [11], there is no longer 
discussion. However, we must pay attention to: the model
of the people being led  is aim at  leader individual to 
evaluate, while the leader s role in the leadership 
activities is very d ifferent, for the leadership s
performance assumes different responsibilities. For 
example, for the whole work of working unit, apparently, 
chief leaders have more responsibility than deputy leaders; 
again for instance, for a specific work, the leader who is 
in charge of the work, has more responsibility than other 
leaders who are not in  charge of the work. Besides, for the 
employees benefits, the estimator s leaders who are in 
charge of manage them have more responsibility than the 
other leaders. In order to avoid to construct the respective 
index system for different ro les, the satisfaction model of 
the people being led introduces role weight variable x, its 
essence is for the weight set W to carry on correction, 
when evaluate the leaders of having greater responsibility, 
the corresponding indexes are highlighted.

Considering the role in leadership activit ies and 
working relationship with evaluation people, the role 
weight can be divided into 4 kinds of circumstances: 
common weight X1, chief leader weight X2, director 
leader weight X3, straight management leader weight X4.
Among them, straight management leader refers to the 
leader of the estimator oneself working department, 
director leader refers to the leader who is not in charge of 
the estimator oneself work. For example, for the 
estimators engaged in production management, the leader 
who is in charge of production is the straight management 
leader, to evaluate him applies to X4, and the leader who 
is in charge of technology is director leader, to evaluate 
him applies to the X3. There are: 

x = (X1, X2, X3, X4)
To determine each value of x, should use the method 

to determine the W value. Obviously, there should be 
X1=1, and Xi > 1 (i=2, 3, 4).

So, the index of the people being led satisfaction is: 
PLSI=x·CS=x·S·WT             (2)

Thereinto: the role variable x:

TABLE I
INDEX SYSTEM OF PEOPLE BEING LED SATISFACTION

Objective layer The first level 
indexes The second level indexes

People being led
satisfaction

whole work of 
working unit

Values of working unit f1

Images of working unit f2

Strategy and prospects of 
working unit f3

Fair distribution of reward f4

Organization procedure 
fairness f5

Interaction fairness f6

In charge of the 
work

Work thinking f7
Work achievements f8

Qualities ability

Ideology and morality f9

Social morality f10

Professional ethics f11

Legal consciousness f12

Breadth of mind quality f13

Management knowledge f14

Professional knowledge f15

Decision-making ability f16

Coordination ability f17

Dealing with emergency 
ability f18

Communication ability f19

Assessment and prediction 
ability f20

Innovation ability f21

Using person ability f22

Employees 
benefits 

Work environment f23

Work means f24

Working timef25

Job interest f26

Itself actualization f27

Salary distribution f28

Promotion f29

Welfare benefit f30

Opinions communication f31

Informal organizing 
activities f32

Conflict coordination f33

Conflict coordination f34
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i is corresponding to fi, wi in formula (2) (see Table I).
In order to evaluate the leaders easily, the 

satisfaction PLS can be converted into relative value, 
such as the percentile scores.

IV. CONCLUSION 

In the modern society, to evaluate public figures, 
assess and appoint leading cadres is a very  common 
things, therefore, research satisfaction model to evaluate 
the individual is very  necessary. This paper is aim at the 
evaluation problem of lead ing cadres in the enterprises 
and institutions, proposes the model of the people being 
led satisfaction, analyses the index system and the 
principle of weight distribution, provides the reference for 
the establishment of the individual satisfaction model.
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Abstract - City aquatorium is an all-important 
subsystem in the city complex ecosystem, and it has vital 
function on maintaining the ecological balance and 
developing economy in the city. Taking Xianning City as an 
example, and quoted from the water resources and social 
economic statistical data in Xianning City from 2000 to 2008, 
this paper is intended to evaluate the aquatorium ecological 
service value in Xianning City respectively using the 
function analysis method and equivalent factor method. 
After obtaining the test results of the two methods, we 
calculate the comprehensive index using the weighted 
average, and analyze its variation trend. We do grey 
correlation analysis through some of the selected economic 
indicators and aquatorium ecological service value, so as to 
reveal the correlation between aquatorium ecological service 
value and economic development. The results show that, (1)
The aquatorium ecological service value in Xianning City 
from 2000 to 2008 shows a rising trend; (2) Aquatorium 
ecological service value is the most closely related to GDP; (3)
Aquatorium ecological service value in Xianning City is 
large and diverse. Water conservation and daily water 
supply are the most particularly important aspects, having 
significantly influence on agricultural industry, industrial 
production and people s daily life. Through the dynamic 
evaluation and correlation analysis on aquatorium ecological 
service value in Xianning City, we expect to provide 
theoretical reference to related departments when they are 
doing regional ecological planning and ecological 
construction. 

Keywords - City aquatorium, ecological service value, 
equivalent factor method, function analysis method, grey 
correlation analysis, Xianning City

I. INTRODUCTION 

Being an all-important subsystem in the city complex 
ecosystem, City aquatorium has vital function on 
maintaining the eco logical balance and developing 
economy in the city, reflect ing in ways of water supply, 
products production, leisure and recreation, air clean ing, 
climate adjusting and biodiversity maintain ing, etc. With 
the rapid development of social economy in recent years, 
the negative influence on city  aquatorium has become 
increasingly obvious. The contradiction between urban 
development and city aquatorium has now becoming 
increasingly highlighted. As the city aquatorium 
ecological service value is non-
estimate and is not so closely related to external city 
develop
attention. Serving as an important part of WuHan "1+8" 

strengthen 

ecological environment protection and ecological 
construction. How to protect the city aquatorium? How to 
make the best use of city aquatorium? How to coordinate 
city aquatorium and city development? All these 
questions have aroused great attention of scholars. 

In the early  1970s, the Scientific concept about 
ecosystem services was proposed [1], it Has been highly 
concerned by the scholars at home and abroad, the 
research on ecosystem service function has also made a 
series of progress. Daily (in  1997) [2] systematically 
introduced the ecosystem service function. Costanza et al 
(in  1997) [3] divided and assessed the global ecosystem 
service function, it was divided into 17 types, and was 
estimated in  monetary form accord ing to the 10 biome. 
Ouyang zhiyun et al (in 1999) [4] investigated the service 
function of terrestrial ecosystems in China. According to 
the Costanza et al research results, Chen zhongxin et al (in 
2000) [5] estimated China's ecosystem service function 
economic value in accordance with the area proportion. 
According to the ecosystem characteristics and the actual 
situation in the study area, many scholars improved the 
assessment methods and parameters in China, and 
evaluated different types and different scales of ecosystem 
service value [6-8]. 

From the domestic and foreign research, study of 
natural ecosystem service function and its economic value 
assessment has been launched in the global scope, but 
most research of ecosystem service function and its value 
is mostly in natural ecosystem such as the forest, 
grassland, wetland and water et  al [9-16], the thematic 
evaluation of city aquatorium is less, and the static 
evaluation is most. 

Taking Xianning City as an example, and quoted 
from the water resources and social economic statistical 
data in Xianning City from 2000 to 2008, this paper is 
intended to evaluate the aquatorium ecological service 
value in  Xianning City respectively using the function 
analysis method and equivalent factor method. After 
obtaining the test results of the two methods, we calcu late 
the comprehensive index using the weighted average, and 
analyze its variat ion trend. We do grey  correlation 
analysis through some of the selected economic indicators 
and aquatorium eco logical service value, so as to reveal 
the correlation between aquatorium ecological service 
value and economic development. Through the dynamic 
evaluation and correlation analysis on aquatorium 
ecological service value in Xianning City, we expect to 
provide theoretical reference to related departments when 
they are doing regional ecological planning and ecological 
construction. 
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II. AQUATORIUM ECOLOGICA L SERVICE VALUE 
EVALUATIONS IN XIANNING CITY 

A. Function Analysis and Estimation Results 
Function analysis divides the service functions of city 

aquatorium ecosystem service functions into production 
function, regulating function, cultural function and 
support function 4 types of functions and 8 evaluation 
indexes. And these practices are mainly  according to 
aquatorium ecological service functions and the 
mechanis m in  Xianning City, types and utility of 
ecosystem service that provided by the aquatorium 
ecological system. Respectively estimate on each index 
on the basis of clear indicators, we summarize and get the 
aquatorium ecological service value of each year  in
Xianning City. 

Different type of city aquatorium ecological service 
function needs different evaluation methods. The 
economic value of aquatorium ecological service function 
in Xianning City can be div ided into direct value and 
indirect value according to its benefit evaluation value. 
Direct value and indirect value adopts appropriate 
methods to evaluate respective service functions, in 
accordance with the theories and methods value of 
resource economics and ecological economics. For 
different service functions, there are different 
corresponding evaluation methods, but various methods 
are using the universal model: M=f (E, D, P, and Q) [12-15].
In the formula, M is the economic value for all functions, 
E is price coefficient, D is action contribution amount, 
and P and Q are parameters. The calculation method of 
each service function value is as follows: 

(1) Daily water supply: M1=E1×D1, in the formula, M1
is water supply value (108 Yuan/a), E1 is the total water 
supply (108 m3), D1 is average water in price Xianning 
City (Yuan/m3).

(2) Organic matter production: M2=E2×D2×P2. In the 
formula, M2  is the total economic value o f organic 
production (108 Yuan/a). As the aquatorium in Xianning 
City is main ly used for aquatic products production, so E2

should be the aquatic product price factor (Yuan/kg), D2
is aquaculture area, P2 is aquatic product yield per unit. 

(3) Flood control: M3=E3×D3. In the formula, M3 is 
function value of flood controlling (108 Yuan/a), E3 is the 
cost coefficient of build ing per m3 reservoir capacity (0.67 
Yuan), D3 is the maximum storage capacity (108 m3).

(4) Water conservation: M4=E4×D4. In the formula, 
M4 is the functional value of water conservation (108 

Yuan/a), E4 is the cost coefficient of building per m3

reservoir capacity (0.67 Yuan). D4 is the city s total 
amount of fresh water resource, and we used the shadow 
engineering method for the calculation. 

(5) So il conservation: M5=E5×D5×P5×Q5. In the 
formula, M5 is the functional value of soil conservation 
(108 Yuan/a), E5 is the income of land acreage unit, D5 is 
the total sediment accumulat ion of the lakes, P5 is the 
average thickness of soil overburden (0.5 m), Q5 is the 
average unit weight of soil (1.28 t/m3). The materials 
show that the income of each  land area unit  in  Xianning 
City is 25500 Yuan/hm2 (using the annual agricultural 
output/the total cultivated area), the total amount of 
sediment deposition is 470.55×104 t (total lake and 
reservoir area×average annual sediment deposition of 
eastern plain lakes and reservoirs 1.16×104 t), using the 
opportunity cost approach to calculate. 

(6) Purification : M6=E6×D6×P6. In the formula, M6 is 
the functional value of purification (108 Yuan/a), E6 is the 
processing cost of N, P (N is 1.5 Yuan/kg, P is 2.5 
Yuan/kg), D6 is lake area, P6 is the average N and P
removal rate of lake unit area (N  is 3.98 t/km2·a, P is 1.68 
t/km2·a). The calculation is done by ecological value 
method. 

(7) Entertainment: M7=E7×D7. In the formula, M7 is 
the functional value of leisure and entertainment value 
(108 Yuan/a), E7 is the cost coefficient of leisure and 
entertainment, here we mainly adopts the entertainment 
value of global lake ecological system researched by 
Costanza, and D7 is lake area, it is calculated using the 
travel cost method. 

(8) Living  environment: M8=E8×D8. In the formula, 
M8 is the functional value of provid ing living environment 
(108 Yuan/a), E8 is the price factor of b iological habitat. 
As all kinds of water on the earth are important habitats or 

results, we take the biological habitat value of wetlands. 
And D8 is water area (river water area  + lake area  + 
reservoir area) in Xianning City, and we used the 
ecological value method to calculate. 

categories, the ecological service value into eight 
categories, we calculated the total aquatorium ecological 
service value in Xianning City in 2000 was 8.607 billion 
Yuan. From the above calcu lation model we can get 
(ignore the dollar currency rate interannual variab ility and 
RMB discount rate), the aquatorium ecological service 
value in  Xianning City from 2000 to  2008 (Such as Table 
I). 

TABLE I 
THE AQUATORIUM ECOLOGICAL SERVICE VALUE BASED ON FUNCTION ANALYSIS METHOD (2000-2008) 

Year Daily water 
supply

Organic matter 
production

Flood 
control

Water 
conservation

Soil 
conservation Purification Entertainment Living 

environment
Total value
(108Yuan)

2000 28.18 6.52 10.85 38.75 0.19 0.05 0.33 1.20 86.07
2001 30.61 7.56 8.61 37.33 0.20 0.05 0.34 1.20 85.90
2002 29.21 8.63 16.08 79.86 0.21 0.05 0.34 1.20 135.58
2003 26.37 9.98 11.50 68.88 0.24 0.05 0.34 1.20 118.56
2004 27.76 11.39 9.83 47.52 0.30 0.05 0.34 1.20 98.39
2005 26.63 13.37 12.10 44.11 0.33 0.05 0.34 1.20 98.13
2006 26.41 16.47 9.26 39.03 0.35 0.05 0.34 1.20 93.11
2007 27.80 19.59 8.21 30.00 0.37 0.05 0.34 1.20 87.56
2008 30.09 22.78 10.93 44.31 0.40 0.05 0.34 1.20 110.10
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From Table I we can see that, among all the 
aquatorium ecological service value evaluation indexes in 
Xianning City, in  addition to water conservation, there is 
small interannual variability. Furthermore, purification 
and living environment have no changes. In 2002, 2003 
and 2008, precipitation in this city has great fluctuation. 
Surface runoff increased, lake water yield increased, fresh 
water resources skyrocketed which led to the rapid ly 
increase of water conservation, so the daily water supply 
in the three years rose. As there was no big changes on 
urban water area, purificat ion functions and living 

them. The value of organic matter production and soil 
conservation grew steadily. Due to the variability of 
annual precipitation, the value of flood control was 
fluctuating. The variation trend of total aquatorium 
ecological service value is similar to that of water 
conservation in Xianning City, indicating that the main 
function aquatorium is water conservation in Xianning 
City. Therefore, it helps to the water conservation, humid 
air and climate regulating in Xianning City. 

B. Equivalent Factor Method and Its Estimating Results 
The evaluation indexes of equivalent factor method 

are main ly based on the potential contributions of 
ecological services generated by ecological system. 
According to the equivalent factor table of ecosystem 
service value in China  summed up by Xie Gaodi and 
combined with the statistical data [6 ,7, 16], we estimate an 
economic value of equivalent factor, to conclude the 
ecological service value of each unit area in  Xianning 
City. The aquatorium ecological service value in
Xianning City is product of the value of each unit area 
and the total water area. 

Based on the ecosystem service value theory 
proposed by Costanza, and combined with the ecological 
service value coefficient calculation method that put 
forward by Xie Gaodi, we are able to estimate the 
aquatorium ecological service value change in Xianning 
City. The estimat ion formula is: ESV W×V . In the 
formula, ESV is the ecosystem service value (Yuan); W is 
the total water area (hm2) in Xianning City, V is the 
ecosystem service value (Yuan/hm2) per unit area in 
Xianning City. 

Xie Gaodi and  his group div ided service function of 
ecology into 9 categories, and they did a questionnaire 
survey to 200 ecologists in our country to summarize the 

China . Eco logical service value equivalent factor refers 
to the potential ecological service contribution ability 
produced by ecological system. The economic value of 
one equivalent factor equals to 1/7 market  value of the 
average production of 1 hm2 in that specific area. 

According to statistics, the average food production 
in Xianning City from 2000 to 2008 is 4806.56 kg/hm2,
adopting the average food market  price in 2008 ($3.4/kg), 
we can  determine that the total economic value of an 
ecological service value equivalent factor is 2334.61Yuan. 
In addition, according to the water equivalent standard in 
the equivalent factor table of ecosystem service value in 

China , we can  know that, service value of each  water 
unit area is 107322.02yuan/hm2. 

According to the above conclusions and existing 
researches, and the specific circumstances in Xianning 
City, we can reach the equivalent factor table of 
aquatorium ecological service value in Xianning City  
(Such as Table II).

TABLE II
THE AQUATORIUM ECOLOGICAL SERVICE VALUE BASED ON 

EQUIVALENT FACTOR METHOD (2000-2008) 

Year The aquatorium area (104hm2) Total value
(108Yuan)Lake Reservoir River Total

2000 31.956 28.892 25.212 86.059 923.61
2001 32.050 28.891 25.208 86.150 924.58
2002 32.042 28.889 25.208 86.139 924.46
2003 32.036 28.879 25.208 86.124 924.30
2004 32.047 28.878 25.208 86.133 924.40
2005 32.120 28.879 25.208 86.207 925.19
2006 32.152 28.878 25.206 86.236 925.50
2007 32.168 28.879 25.206 86.254 925.70
2008 32.231 28.883 25.206 86.320 926.41

From Table II we can  see that, the overall aquatorium 
ecological service value in Xianning City is growing 
steadily upward. The dropping interval from 2001 to 2003 
is main ly because of the engineering destruction caused 
by flood disasters, and that led to a decrease of water area. 
Subsequently, the water area grew steadily, so that the 
service value of aquatorium eco logical increased in 
Xianning City. 

C. Weighting Calculation Results and Analysis 
There is a big d ifference in the calculation results of 

the two above methods . The function analysis method 
calculates respectively according to the various functions, 
if there is any lack of data, it may lead to 
incomprehensive calculation or missing item. For 
example, the organic production in Xianning City only 
calculated the fishery production, not including other 
aquatic plants. Integrating all functions, equivalent factor 

. 
Measured by average grain yield per unit area, it might 
lose accuracy in specific area. 

Combin ing the above two methods the frequency of 
use in the field study, taking each year data to the 
weighted average. The weight of function analysis 
method is 70%, the weight of equivalent factor method is 
30%, thus calculated the weighted average value of  the 
aquatorium ecological service value in Xianning City 
from 2000 to 2008(Such as Table III). 

TABLE III
THE AQUATORIUM ECOLOGICAL SERVICE VALUE BASED ON 

WEIGHED AVERAGE METHOD (2000-2008) 

Year
Function analysis 

method
(Weight: 70%)

Equivalent factor 
method

(Weight: 30%)

Weighed 
average value

(108Yuan)
2000 86.07 923.61 337.33
2001 85.90 924.58 337.50
2002 135.58 924.46 372.24
2003 118.56 924.30 360.28
2004 98.39 924.40 346.19
2005 98.13 925.19 346.25
2006 93.11 925.50 342.83
2007 87.56 925.70 339.00
2008 110.10 926.41 354.99

From Table III we can see that, the aquatorium 
ecological service value rise slowly in fluctuation, 
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specifically in Xianning City from 2000 to 2008. Specific 
view, it had a smooth curve from 2000 to 2001; the 
ecological service value suddenly rose, ascensional range 
was large from 2001 to 2002; the overall trend of the 
curve declined from 2002 to 2007, but recovered to steady 
after 2004, and finally went back to the level of 2000; the 
ecological service value presented a fast growth from 
2007 to 2008.

The aquatorium ecological service value fluctuated 
obviously in Xianning City from 2001 to 2002. The 
increase was because of the greatly enhanced overland 
runoff and water storage capacity caused by the rich 
precipitation. After 2002, because of the flood disaster, 
the water storage project was destructed to some extent, 
so the ecological service value dropped; After the 
government repairing on the water conservancy project 
from 2004 to 2007, theoretically the ecological service 
value shall recover steadily, but there were less rain in 
these years, so it declined slowly; due to the rich 
precipitation from 2007 to 2008, the service value of 
ecological show a sharp rise trend. 

III. THE GREY RELATIONAL ANALYSIS OF 
AQUATORIUM ECOLOGICA L SERVICE VALUE 

AND ECONOMIC DEVELOPMENT 

Grey correlation model is an important method of 
grey system analysis, and is a method of quantitative 
description and comparison for the system development 
situation. The meaning of grey relat ional analysis is to 
point out that in the system development process, if the 
change trend of the two  factors is cons istent, namely  we 
say they have high synchronous change degree, and we 
say they have great association; on the contrary, the 
correlation is small. 

For further reveal the correlation of the aquatorium 
ecological service value and economic development, in 
this paper we do gray correlat ion analysis through the 
selected economic indicators and water ecological service 
value. Considering the weighted average value of 
aquatorium ecological service value in Xianning City 
from 2000 to 2008, as the reference sequence, then select 
3 economic indicators closely related to urban 
development: GDP (108 Yuan), the proportion of non-
agricultural population (%), the total social retail sales of 
consumer goods per capita (Yuan/per person). Adopt data 
of the corresponding period as the comparative sequence. 

The calculation was done according to the princip les 
and methods of grey correlation model, and we can reach 
that three economic indicators of ecological service value 
and city development in Xianning City were 0.730477, 
0.700679 and 0.531017. Namely, eco logical service value 
has maximum correlation to GDP and the minimum 
correlation to the degree of total retail sales of consumer 
goods per capita. 

Multifunctional water bodies in Xianning City are 
closely related to the urban industrial development. (1) 
The main  contributions for the first industry are 
production and water supply. By the end of 2008, the 
stocking area in Xianning City are 49820hm2, a year-on-
year increase of 14527hm2, having an amplification of 

41%; among them, The stocking area for famous, special 
and superior animals are 39866.67hm2, accounted for 
80% of the total area; the output of aquatic products is 
176000t, representing an increase of 39000t, having an 
amplification of 28%; comprehensive output of fishery
reached 2.03 billion Yuan. At the same time, water of that 
area also has played a significant ro le for farmland 
irrigation. In  a b road sense, it  is p romoting agricultural 
development, stabilized agricultural output. On the other 
hand, the developing of agriculture, especially aquatic 
agricultural, also helped the full play of climbing 
ecological service value. (2) The main contribution for the 
second industry is main ly for industrial production. There 
are numerous food processing enterprises, text ile 
enterprises and small manufacturing enterprises in 
Xianning City, so there is large water demand. In 2008, 
the total water supply in Xianning City was 1.512 billion 
m3; it p rovided enough water for mult itudinous industrial 
production enterprises. At the same time, the industrial 
production pollution discharge has great polluted the 
water to some extent. The main water quality problem in
Xianning City is mild eutrophication, and that would 
influence ecological service value into full play such as 
habitat providing, entertainment and leisure, etc; (3)  
Water function to the third industry is mainly for the 
entertainment and providing habitat. The surrounding 
water such as the axes Lake and LiangZi Lake  are good. 
They are suitable for leisure, entertainments, and for
creatures. We had countless ecological touris m pro jects in 
Xianning City, such as hot spring resources, lake scenic 
spots and so on, are creat ing value for the third industry. 
In 2008, the output value of tertiary industry reached 
12.363 billion Yuan, accounted for 34% of the total 
output value. With the rapid development of tourism, the 
regional water environment pressure increases. The 
government is stressing on water environment regulation; 

, 
so the water ecological service functions in Xianning City 
are expected to play sustainably.

IV. CONCLUSION AND DISCUSSION 

(1) The aquatorium eco logical service value in 
Xianning City from 2000 to 2008 shows a rising trend. 
The maximum value is 37.224 billion Yuan/a, and the 
minimum value is 33.733 billion Yuan/a, the average 
value is 34.851 billion Yuan/a. These data show that its 
value got a good play. 

(2) Aquatorium ecological service value is the most 
closely related to GDP, the degree of association is 
0.730477. It means that city  water ecological service 
value has the largest contribution to GDP, at the same 
time, it is also most affected by GDP. 

(3) Aquatorium eco logical service value in Xianning 
City is large and diverse. Water conservation and daily 
water supply are the most particularly  important aspects, 
having significantly influence on agricultural industry, 
industrial production and people's daily life. Therefore, 
the management of urban waters must be based on 
protection, so it can be fully used and sustainably 
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developed. In the direct value aspect, on the one hand, we 
must protect the water supply channels, and ensure the 
capacity for production and living and water quality. On 
the other hand, we should give full p lay to its function of 
breeding. We shall adopts the mixed model of multiple 
fish breeding, aquatic plants and fish intercropping, so 
that there would be effect ive circulat ion while the organic 
matter production and water system; In the indirect value 
aspect, to the exclusion of water conservation and flood 
control, we shall help to increase the entertainment value. 
Xianning City has wide waters, and surrounding 
environment is also very favorable. When strengthening 
the surrounding infrastructure construction and tourist 
attractions, we are able to create more pleasant leisure 
environment and higher economic value, so as to promote 
the rapid development of the tertiary industry. 
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Abstract - Based on structural equation model (SEM), 
this article conducts an empirical study on the influence 
factors of enterprise’s internal capacity using the survey 
data of 213 cultural enterprises in Tianjin. The results show 
that: macro management innovation (which consists of two 
parts: industrial policy and financial policy) as well as 
institution environment are proved to be the two main 
influence factors. Internal capacity relates significantly and 
positively with institution environment and industrial policy, 
while the active effects of industrial policy in Tianjin cannot 
reach the expected level. And the importance of financial 
policy hasn’t been reflected. On this basis, this article puts 
forward policy suggestions for the development of cultural 
enterprises in Tianjin. For example, powerful legal system 
and policy system support should be set up especially 
financial policies and investment policies to create a sound 
micro environment for sustainable development. 

Keywords - Cultural enterprises, factor analysis, 
structural equation model (SEM) 
 

I. INTRODUCTION  
Different from general enterprises, cultural 

enterprises have a broader development perspective as a 
sunrise and green organization in our country. Nowadays, 
the revitalization of cultural industry has been raised to 
national strategy [1]. According to the overall situation, 
cultural industry in Tianjin is lagged behind compared 
with which in developed cities in China. As a main 
market subject, the growth and expansion of cultural 
enterprises is the only way to development cultural 
industry. By researching the successful cases and methods 
of the culture-powerful states such as Japan, South Korea 
and the United States, it can be known that local 
government intervention plays a significant part in the 
development of cultural enterprises [2]. So exploring the 
influence factors of enterprise’s internal capacity from the 
angle of public management and innovation, as well as 
the relationship between them will be important for 
perfecting relevant policies and regulations to create a 
favorable environment.     

Recently, the relevant studies about cultural 
enterprises mainly concentrate on the influence factors 
(Zhao and Fan 2012; Ma and Bai, 2012; Meng 2013) as 
well as the problems and countermeasures (Zhang and Li 
2012; Zhang 2013; Wang and Cheng 2013; Wang 2013; 
Jiang 2014). Most researches take qualitative analysis as 
the core, while there are less quantitative researches [3]. Li 
and Fan (2014) use the method of PCA to extract the 
principle components of various factor of Gansu province 
[4]. Using grey relation model, Wan and Zhang (2013), 

Hao and Tang (2013) analyze the correlation degree 
between the influence factors of the cultural enterprises.  

There are observed variables and latent variables 
among influence factors. And questionnaire always has 
measurement errors in the independent and dependent 
variables [3]. So, traditional regression methods cannot be 
used well to deal with this kind of problems. Therefore 
this article conducts an empirical study on the influence 
factors based on structural equation model (SEM). SEM, 
as a multiple statistical analysis method, which integrates 
factor analysis, path analysis and the multiple linear 
regression analysis, makes a research on the relation 
between independent and dependent variables [5]. Finally 
it completes the unity of the explanation research and the 
descriptive research using a combination of structural 
model and measurement model. Therefore, errors intrinsic 
to the testing systems are well compensated for by SEM. 
In this article, structural equation model is built to explore 
the critical influences of the internal capacity of cultural 
enterprises in Tianjin through questionnaire. 

There are two possible innovations: firstly, this article 
explores the three influence factors of enterprise’s internal 
capacity from the angle of public management and 
innovation. They are industrial policy and financial policy 
as well as the institution environment. Secondly, as an 
innovative method, SEM could be used in the research to 
explore the structural relationship between the influence 
factors. 

 II. THEORETICAL MODEL 
 
Structural Equation Model (SEM) can be divided into 

two parts: structural model and measurement model. The 
matrix equations are shown below. Fig.1 shows the 
relationship between variables of SEM. 

 
Fig.1. The Relationship between Variables of SEM 
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X = x  +                 (1) 
Y = y  +                 (2) 
 = B  +  +               (3) 

“(1)” and “(2)” are measurement models, “(3)” is 
structural model. X is for exogenous observed variables,  
is for exogenous latent variables, x is the factor loading 
matrix,  is the residual of exogenous observed variable. 
Y is for the endogenous observed variables,  is for 
endogenous latent variables, y is the factor loading 
matrix,  is the residual of the endogenous observed 
variables. B and  represent the path coefficient.  stands 
for the residual of SEM [6]. 

 
III. QUESTIONNAIRE DESIGN 

 
In this part, scale design, data collection and sample 

statistics are finished. First of all, a pretest and in-depth 
interviews are conducted in 10 cultural enterprises to pick 
up the specific items. After the expert reviews, a 
small-scales test is carry out among 30 enterprises in 
Tianjin for verification. Then the final scale of influence 
factors comes into being. It has 5 subscales including 40 
items. They are economic environment scale (6 items 
included), social environment scale (5 items included), 
technological environment scale (3 items included), 
policy environment scale (20 items grouped into financial 
policy, educational policy and industrial policy) as well as 
internal capacity scale (6 items included). Likert scale is 
used to quantify the results. We totally send out the 
questionnaire 250 cents in this survey and finally 213 are 
valid, the 213 respondents are sufficient. The effective 
returns-ratio is 85.2% and the sample statistics are shown 
in Table I. 

TABLE I 
SAMPLE STATISTICS 

Number of enterprises Percentage

Annual revenue> 5
million yuan

174 0.817

Annual revenue< 5
million yuan

39 0.183

213 1

State-owned enterprises 30 0.141
Non-state-owned

enterprises
183 0.859

213 1

Classification of enterprises

Group by
income level

Aggregate

Group by
ownership

Aggregate  
 

IV. EMPIRICAL ANALYSIS 
 

A. Exploratory Factor Analysis (EFA) 
First of all, before the questionnaire analysis, the 

reliabilities and validities of the scale is examined with 
SPSS16.0. Results show that the value of Cronbach’s  is 
0.943 for the entire scale and the Cronbach’s  for 5 latent 
variables is 0.812 (for economic environment), 0.759 (for 
social environment), 0.768 (for technological 
environment), 0.947 (for policy environment) and 0.823 
(for internal capacity). That means the reliabilities and 

validities of this test meet the standards of psychological 
measurement.  

Then exploratory factor analysis (EFA) should be 
used to conduct a research based on 40 items in order to 
find out the common factors as well as the correlation 
between influences and observations. Final result shows 
the scale structure is effective and suitable for factor 
analysis (KMO=0.921>0.5, sig<0.05).  

Next, Maximum Likelihood (ML) is used in sampling, 
the factors are extracted by principal component analysis 
and rotated by Varimax. It turned out 8 factors’ 
eigenvalues exceed 1. While the 3 items (the proportion 
of the added value of the industry in GDP, the market 
competition and the eco-environment of cultural 
enterprises) don’t belong to any dimension for they have 
no convergence. At last, 6 factors’ eigenvalues are found 
greater than 1 after cutting off the 3 items mentioned 
above. The final factor matrix shows that 13 items are 
taken out for their factor loads are all less than 0.5. The 
24 remaining items converge to 5 factors at last. The 
result is shown in Table II.  

The cumulative contribution of the 5 factors is 
78.24%. That is to say the 40 items could be represented 
by the 5 common factors: enterprise's soft power 
(softpow), enterprise's hard power (hardpow), institution 
environment (instenv), industrial policy (indpol) and 
financial policy (finpol). Otherwise, the enterprise's soft 
power and hard power are merged into one factor: 
enterprise’s internal capacity (incap). This article explores 
the relationship among enterprise’s internal capacity and 
the other 3 common factors. 

 
B. Research Hypothesizes  

H1: There will be a significant positive relationship 
between enterprise’s internal capacity and institution 
environment 

As the micro carriers, enterprises play an important 
part of modern society coordinating with the institution 
environment such as social, economic and technological 
environment which bring new opportunities for them [7]. 
Facing with the opportunities and challenges, enterprises 
have been improving self-regulation capacities to adapt to 
the new circumstances. In addition, favorable technical 
environment could help enterprises to renew their concept 
and management to innovate production techniques by 
digesting, absorbing and recreating [8]. 

H2: Cultural industrial policy will relate 
significantly and positively with enterprise’s internal 
capacity

Reasonable industry policies (such as talent policies, 
reward policies and land policies) occupy a core position 
in cultural enterprises, which can help distribute social 
resources through changing industrial structure and the 
layout to improve their competitiveness [9]. In addition, 
industrial policies can help to standardize market order 
and crack down the unjust competition to create a 
convenient and safe environment for consumers.  

H3: Financial policy will relate positively and 
significantly with enterprise’s internal capacity  
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As fund is the blood of an enterprise’s development, 
financial policies play an important role through 
culturally-relevant tax policies, venture capital funds and 
financial allocation and so on. On one hand, it can guide 
the social capital flows in order to optimize the economic 
structure and stimulate innovation [10]. On the other hand, 

financial policies help enterprises to solve fund 
difficulties and improve the capabilities of withstanding 
risks. What’s more, support of the interest rate and the 
exchange rate will help cultural enterprises to exports 
around the world with high technological products. 

TABLE II 
EXPLORATORY FACTOR ANALYSIS ON REGIONAL CULTURAL INDUSTRY 

Items 
Factors 

softpow hardpow instenv indpol finpol 
External environment (softpow1) 0.713
Innovation consciousness and behavior (softpow2) 0.634
Innovative talents availability (softpow3) 0.658
Motivation mechanism for innovation (softpow4) 0.597
Marketing of the products and service (softpow5) 0.636
Technology level (hardpow1) 0.759
Enterprise's financial competence (hardpow2) 0.635
Regional agglomeration of cultural industry (instenv1) 0.687
Market requirements of products and service (instenv2) 0.642
Supplements of cultural products and service (instenv3) 0.697
Competition and cooperation (instenv4) 0.621
Maturity of the cultural medium (instenv5) 0.701
Reward policies for of cultural products (indpol1) 0.609 
Preferential land policies for cultural industry (indpol2) 0.581 
Export subsidies for cultural products (indpol3) 0.612 
Policies of the talent introduction and training (indpol4) 0.628 
Good public service platform (indpol5) 0.615 
Cultural system reform (indpol6) 0.676 
Policies for intellectual property rights protection (indpol7) 0.713 
Culturally-relevant tax policies (finpol1) 0.568 
Venture capital funds (finpol2) 0.573 
Special fund policies (finpol3) 0.602 
Discount loan of financial institution (finpol4) 0.794 
Government procurement (finpol5) 0.556 

 
C. Establishment and Verification of SEM 

In this part, Generalized Least Squares method (GLS) 
is used in establishing SEM and the statistics tool 
AMOS17.0 is used to put out the route picture of 
structure equation.(Here the model path graph of structure 
equation is omitted.) The result of goodness-of-fit tests 
about the model is shown in Table III. 

TABLE III 
RESULT OF MODEL VALIDATION AND THE 

GOODNESS-OF-FIT TESTS 

Model CMIN DF P CMIN/DF CFI NFI IFI RM- SEA

Default
Model

324.2 131 0 2.172 0.79 0.832 0.86 0.071
 

From Table III, it can be concluded that the result is 
not sufficiently good and the model should be modified 
(CFI=0.79<0.9, NFI=0.832<0.9). The correct model path 
graph is shown in Fig.2. And the result of goodness-of-fit 
tests is shown in Table IV. 

TABLE IV 
MODIFIED RESULT OF MODEL VALIDATION AND THE 

GOODNESS-OF-FIT TESTS 

Model CMIN DF P CMIN/DF CFI NFI IFI RM-SEA

Default
Model

126.6 121 0.38 1.32 0.93 0.917 0.91 0.038
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 

 
 
 

 
Fig.2. Model Path Graph of the Influence Factors upon Regional 

Cultural Industry 
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Table IV shows that the result is sufficiently good 
enough (P=0.38, CFI=0.93>0.9, NFI=0.917>0.9, RE– 
SEA=0.038<0.05). The estimate of statistical parameters 
is shown in Table V. 

TABLE V 
ESTIMATE OF STATISTICAL PARAMETERS 

Path relationship Standardized path 
coefficients

T Significance level

Instenv     Incap 0.68 5.39 Significant under the 1% level

Finpol    Incap -0.35 -1.8 non-significant under the 1% level

Inpol    Incap 0.31 2.86 Significant under the 1% level  
 

V. RESULTS 
 
Table V hows enterprise’s internal capacity relates 

significantly and positively with institution environment 
(SPC=0.68), as well as the industrial policy (SPC=0.31). 
And it negatively correlates with the financial policy 
(SPC=-0.35), but the effects are insignificant (T=-1.8). 
That is to say institution environment plays a significant 
role in enterprise’s internal capacity while the active 
effects of industrial policies in Tianjin cannot reach the 
expected level (SPC=0.31<0.68). The financial policy 
isn’t significantly correlated with internal capacity, which 
can be explained that the importance of financial policy 
hasn’t been reflected.  

The industrial policy and financial policy belong to 
the macro policy innovation of the enterprise’s 
management, so the 2 factors above can be described as 
the macro management innovation. 

 
VI. CONCLUSION AND SUGGESTION 

 
The political direction of the country plays a decisive 

role in the formation and development of cultural 
enterprises, for instance the macro management 
innovation and the institution environment. From the 
survey, the cultural industrial policies couldn’t achieve 
the desired effect. That could be due to the fuzzy 
definition and the poor execution. For another, the lack of 
relevant government departments and powerful policy 
system support is not conducive. Above all, it can be 
concluded that the legal system and government policy 
especially the financial policy should be strengthened and 
optimized to create a good external environment for the 
development of cultural enterprises in Tianjin. Fund must 
come first, which is the biggest obstacles. Local 
government help to offer special fund and positive 
investment policies is of great importance to innovate 
service and management and to improve the investment 
environment in order to broaden its appeal constantly. 
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Abstract - Engineering Students' innovation ability is 
the source of national science and technology, and it has 
important theoretical and practical significance for us to 

in this paper, the definition of engineering college students' 
innovation ability is given firstly. Then, some influence 
factors of engineering college students' innovation ability: 
business management ability, engineering application ability, 
innovation personality and cultural feature are summarized. 
After the test on reliability and validity, regression analysis 
is made for the students' innovation ability influence factors. 
Finally, some suggestions are given on cultivation of college 
students. 

Keywords - Demonstration, engineering college 
students, influence factor, innovation ability 

I. INTRODUCTION 

Innovation has become the main power of economic 
development and social progress  [1]-[3]. Innovation ability 
of college student
innovation education and potential of future development  
[4]-[6]. The engineering college students' innovation ability 
mainly refers to the ability of realizing technical 
innovation in the industrial field. Engineer ing college 
students have professional advantages in the process of 
innovation. But the study on knowledge structure, 
adaptive ability, psychology characteristic and some other 
aspects are sometimes neglected, which in some extent 
will affect their innovation ability. In this paper, by 
carrying out students' reality investigation, we find the 
main factors influencing engineering college students' 
innovation ability, and give some advice on engineering 
college students' innovative training. 

II. THE INFLUENCE FACTORS OF INNOVATION 

Innovation is a complex system process with multi-
subjects participation and many links fitted together. 
There are many influencing factors on the cultivation of 
college students' innovation ability [7]. The first of them is 
the cultural factor. The cultural influence on innovation 
consciousness and innovation efficiency is continuous. 
The second influencing factor is college students' 
personality [8]. In general, innovation personality is the 
innovative talents representing in thinking activity such as 
original thinking, thinking acuity, innovation 
perseverance and determination, practice ability, 
predictability and other personal qualities. It means that 
the innovative talents based on their experience to g ive 
new judgment, new ideas and new conclusions for the 

new situation, new problems and new things. The third is 
the practical operation ability [9]. Practical operation 

ability that can independently accomplish the 
corresponding operation, familiar with related fields,
standard and complete the technical operation or achieve 
innovative ideas. Practical operation ability of college 
students directly determines their innovation output, thus 
affects their innovation ability. Finally, management 
ability is an important factor supporting the college 
students' innovation [10]. In developed country, mature 
entrepreneurship education institution establishes related 
management courses. About 86% entrepreneurs who 
make innovation entrepreneurship successfully have 
system education in the field of management. Th is shows 
the important position of management ability in 
innovation and enterprise education. The main related 
management skills of engineering college students are: 
technology commercializat ion ability, ability of sharing 
knowledge with team members, communication ability, 
etc. 

III. THEORETICAL MODELS

According to the previous discussion, we get the 
causality model of the relation between innovation ability 
and the business management ab ility, engineering 
application ability, innovation personality, cultural feature 
(See Fig. 1). 

Fig.1. Causality model
Here we put forward the corresponding relations hip 

assumptions between the four abilities and innovation 
ability: 
H1: Business management ability has a significant 
influence on the innovation ability. 
H2: Application ab ility of engineering operation has a 
significant influence on the innovation ability. 
H3: Innovation personality has a significant in fluence on 
the innovation ability. 
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H4: Cultural feature has a significant influence on the 
innovation ability. 

A. The selection of business management ability index 

In this paper, we propose the following index (Tab le 
I). 

TABLE I 
BUSINESS MANAGEMENT ABILITY INDEX 

Business 
management 
ability

Item number Index

Management 01
Features known the problem of 
intellectual property rights and 
contract issues

Management 02 Understanding the customer 
and design requirements

Management 03
The ability to make team 
members to have a consistent 
goal

Management 04 Sharing knowledge in the team

Management 05 The ability to know about team 

B. The selection of engineering application ability index 

The engineering application ability is nothing more 
than an ability, which is based on engineering 
environment and supported by engineering to express 
engineering technology and engineering knowledge 
through engineering equipment. In this paper, we g ive the 
following index (Table II): 

TABLE II
ENGINEERING APPLICATION ABILITY INDEX

Engineering 
application 
ability 
index

Item number Index

Operation 01
Thinking ability of the utilization 
of technology literature and using 
other information resources

Operation 02
The ability of clearly stating your 
design and explaining the key 
factors and limitations

Operation 03 The ability of using modern 
engineering tools and equipment 

Operation 04
The applying ability of specific 
materials, equipment, process and 
product characteristics and other 
knowledge

Operation 05 The ability of elaborating 
engineering problems 

Operation 06 The ability of knowing quality 
problems

Operation 07 The ability of skilled operating 
experiment or process

C. The selection of innovation personality index 

There are many factors influencing college students' 
innovation ability, such as ability of innovation learn ing, 
innovation thinking ability, innovation capability and so 
on. They interact each other; they connect to each other 
and restrain each other. None is dispensable. The whole 
innovation ability quality is guaranteed only if the quality 

ality is ensured. 
With the above discussion, we select the 

measurements as Table III: 

TABLE III
INNOVATION PERSONALITY INDEX 

D. The selection of cultural feature index 

We give the index as Table IV: 
TABLE IV

CULTURE FEATURE INDEX 

Culture 
feature

Item 
number Index

Culture 01 Official rank standard is not popular in the 
local culture.

Culture 02 There are values of pursuing utility and 
advocating competition in the local culture. 

Culture 03 In local culture, there is a mentality of trying 
on new things.

Culture 04
In the local market, compared with cheap 
consumer goods, people are willing to pay 
relatively higher price for innovative products.

Culture 05 Has good tolerance with foreign culture.

Culture 06 In the local culture, there is a high tolerance 
for failure.

Culture 07 In the local culture, there is a good cultural 
atmosphere for cooperation and open policy.

E. The selection of innovation ability index 

In this paper, we propose the following index (Table 
V). 

TABLE V 
INNOVATION ABILITY INDEX 

Innovation 
ability

Item 
number Index

Innovation 
01

Have the ability of quickly translating 
technology into products

Innovation 
02

The ability of integrating the existing 
technology and improving product 
design

Innovation 
03

Have development and design which 
are difficult  to be imitated

Innovation 
04

The ability of proposing new patented
invention

Innovation 
05

Own the ability of getting products into 
the market quickly

IV. STATISTICAL DESCRIPTIONS 

A. Sample data distribution 

There are 138 valid samples in this study, in which 
10 people are engaged in electronic communication 
industry, 24 people are engaged in chemical material 
industry, 43 people are engaged in electrical and 

Innovation 
personality

Item number Index

Personality 01 With a strong desire to accept 
new knowledge and new skills

Personality 02 Like to use new method to solve 
problems

Personality 03 Like multiangle thinking 
personality

Personality 04 Learn a lot through mistakes 
and failures

Personality 05 Independently assume the risk 
of trying new things

Personality 06 Be adept at flexibly applying 
knowledge to the work
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mechanical major, 13 people are engaged in software and 
IT industry, 7 people are engaged in biological 
pharmaceutical industry, the remain ing 41 people are 
engaged in energy industry, real estate, consulting, food 
processing industry and other science technology majors. 
Among the 138 valid samples, 17 of them get the major  
college degree, 85 of them obtain the corresponding 
bachelor's degree, 28 of them obtain master degree in 
which receive doctor's degree. These coincide with the 
characteristics of engineering practice guidance. 

B. The self-assessment on innovation ability 

In statistical variab les of the questionnaire, subjects 
are allowed to give self evaluation of their own innovation 
ability. Among all the 138 respondents, 17 of them think 
that their innovation ability is relatively poor, 59 of them 
think that their innovation ability is general, 31 of them 
think that they have strong innovation ability, the last 31 
think that their innovation ability is very strong. About 
half o f the respondents think that their innovation ability 
is general or weak. Overall, subjects have general 
evaluation of their own innovation ability. 

C. Business management ability 

In the statistical description section of the 
questionnaire, subjects are also asked to give self 
evaluation about the effect of their business management 
ability in innovation activities. Among all the 138 
respondents, only 11 of them think that the effect of 
business management ability in  the technical innovation is 
not obvious, and innovation ability is not important. 47 of 
them think that business management ability p lays 
important role in innovative activities. 80 o f them think 
that business management ability plays very important 
role in innovative activities. In general, engineering 
college students have higher consistent evaluation of 
business management ability, which to say that business 
management ability plays an important role in the 
innovation activities, especially in the case where 
technical talents change to management positions. 

D. Methods to acquire new knowledge 

In the statistical description section of the 
questionnaire, the ways of how to acquire new knowledge 
are also investigated. In most of the respondents , they 
obtain the corresponding new knowledge by at least two 
kinds of methods. Engineers are fu ll o f enthusiasm for 
new knowledge, which meets the time requirement of the 
engineer needing a lifelong learning ab ility. Among the 
respondents, 53% of them attend systematic training; 39% 
of them attend academic lectures to satisfy their desire for 
new knowledge; 34% of them often concentrate on the 
front in their spare time or independently study related 
knowledge; 29% of them pay attention to found problems 
and looking for possible breakthrough. 

E. Statistical description of innovation ability 

In the Table VI, we g ive a summary of statistical 
desc

minimum, mean, median, median number and standard 
deviation are listed respectively. The mean of item 2 
(Innovation 02), item 3 (Innovation 03) and item 5 
(Innovation 05) is more than 3, moreover the mean of 
item 5 reaches 3.733, which shows that engineering 
students have a better ability to getting product into 
market. The lowest mean is 2.7333 reached by item 01 
(Innovation 01), which means that the ability of 
translating technology into products is weak. The mean of 
item 4 (Innovation 04) is 3.000, which shows that 
students' ability of proposing new original innovation
has average performance. But in general, engineering 
college students have higher innovation ability. 

TABLE VI
DESCRIPTIVE STATISTICS 

Note: There are many modes displaying minimum value. 

V. MULTIVARIATE REGRESSION ANALYSIS  

We put forward 4 assumptions of innovation process 
(assumption H1-H4). In this paper, innovation ability is 
the explanatory variab le; business management ability,
engineering application ability, innovation personality and 
cultural feature are independent variables. The regression 
model is established. And we give accurate judgment of 
the relationship between the dependent variable and 
independent variables. Analysis results of regression 
model are shown in Table VII. 

In the regression model, the first one, which enters 
the regression model, is innovation personality. Its 
standardized regression coefficient is 0.450, and the 

evel is 0.000. This 
result shows that innovation personality has a significant 
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innovation ability. That is, the stronger the level of 
innovative personality, the greater contribution of 
innovative per
innovative ability. As a result, by the regression test 
results, H3 pass the hypothesis test, that is, innovation 
personality has a positive promotion to the engineering 

TABLE VII 
REGRESSION ANALYSIS

Model

Standard
ized 

regressi
on

coefficie
nt

T
value

Signific
ance 
level

Collinearity 
inspection

Admis
sible 
width

Expa
nsion 
factor

Innovative 
personality 0.450 5.875 0.000 1 1

Innovative 
personality 0.450 6.458 0.000 1 1

Management 
ability 0.377 5.416 0.000 1 1

Innovative 
personality 0.450 6.989 0.000 1 1

Management 
ability 0.377 5.861 0.000 1 1

Engineering 
application 

ability
0.316 4.910 0.000 1 1

Innovative 
personality 0.450 7.474 0.000 1 1

Management 
ability 0.377 6.268 0.000 1 1

Engineering 
application 

ability
0.316 5.250 0.000 1 1

Cultural 
feature 0.271 4.501 0.000 1 1

In the regression model, the second one, which enters 
the regression model, is business management ability. Its 
standardized regression coefficient is  0.377, and the 

. The 
above result shows that business management ability has 
a significant positive influence on the engineering college 

management ability they have the more outstanding 
 they 

possess. By the regression test results, H1 pass the 
hypothesis test, that is, business management ability has a 
positive promotion to the engineering college 
innovation ability.

In the regression model, the third one, which enters 
the regression model, is engineering applicat ion ability. 
Its standardized regression coefficient is 0.316, and the 

result shows that engineering application ability has a 
significant positive influence on the engineering college 

engineering application ability, the higher engineering 
ty. Thus assumption H2 

is supported by our sample data, H2 pass the hypothesis 
test.

In the regression model, the fourth one, which enters 
the regression model, is cultural feature. Its standardized 

regression coefficient is 0.271, and the independent 
vari
that cultural feature has a significant positive in fluence on 

is, the more outstanding engineering application ability, 
the stronger engineerin
ability. Thus assumption H4 is supported by our sample 
data, H4 pass the hypothesis test.

Simultaneously, as shown in the table this model is 
significant in statistical significance (F = 35.744, P < 
0.001), which indicates that the regression equation has a 
good interpretation effect. In a certain extent, the F value 
is increased as the independent variable increase. That is 
to say that the four independent variables should be 
included in the regression equation, and they can well 

variance. 
Combin ing with the above regression analysis, we can see 
that the assumptions of the four independent variables all 
pass the hypothesis test. The study is consistent with 
expectations.  

VI. THE RESULTS AND DISCUSSION 

A. Analysis the results 

This study investigate the students' innovation ability, 
we verify the model of the influence of business 
management ability, engineering application ability, 
innovation personality and cultural feature to innovation 
ability. The verification results show that the original 
hypothesis has been confirmed. The four stages have 
positive influence on engineering college students' 
innovation ability. 

B. Training strategy 

1) Management ability training
Business management ability can close the 

connection between technology and economy and society. 
Related management ability training courses, therefore, 
should be appropriately joined in the university education 
stage. It can make students to have technical innovation 
by using knowledge of relevant laws and regulations, 
informat ion system, team management, innovative 
methods. This curriculum module is often opened with 
business college cooperation, focusing on new financing 
and management problems arising on new business start-
up period. 

2) Engineering application ability 
Practice is the only way  from ideal to reality. 

Therefore the students' ability train ing should lay 
particular emphasis on the ability of solving practical 
problems. It can  be carried  out by adding engineering 
training and setting up school-run factory. 

3) Cultivate college students' innovation consciousness 
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Innovation consciousness belongs to the category of 

has a strong sense of innovation consciousness, can he 
dares to think things which predecessors never thought, 
and create a new career which predecessors never created. 
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Abstract Operational risk is the second major risk 
faced by the commercial banks of China. So how to manage 
it effectively has always been a fundamental task for us. A 
consensus had now been reached that the operational risk 
management of commercial banks in China is a systematic 
engineering. The operational risk management strategy and 
operational risk management process, as two important 
factors in this system engineering, cannot do well without 
effective underpinning coming from other factors, for 
example, the operational risk management information 
system (ORMIS) and so on. In this paper, the operational 
risk management information system, which has strong 
supporting to the management of the operational risk of 
commercial banks in China, has been analyzed in its main 
functions, its information transmission routes and security. 
At last, some suggestions have been put forward in order to 
provide useful help to the operational risk management in 
commercial banks of China.

Keywords Function and information transmission 
route, operational risk, security, the operational risk 
management information system (ORMIS) 

I. INTRODUCTION 

The operational risk management in the commercial 
banks of China is a systematic engineering and how to run 
it effectively  are the issues that we have to face. 
According to the system safety theory [1], everything can 
be seen as a system and is made up of smaller related 
systems. When a factor relating to human or material 
stops working or losses its function, risk event will 
happen. This theory tells us that the risk management is a 
systematic engineering. It relates to different factors 
including people, process, machine and environment, and 
so on. An organic whole is constituted by these factors. 
Once a part of the system has problems, there will be a
paralysis of the entire system. Therefore  for us, the risk 
management is not the responsibility of one or two 
individual sectors in the system, but a full range of work. 
As a systematic engineering for the operational risk 
management of the commercial banks in China, effect ive 
operational risk management strategy and management 
processes cannot do well without coordination of relevant 
factors, without mutual supporting of related factors. For
the operational risk management in formation system 
(hereafter referred to as ORMIS) in  the commercial banks 
of China, it is one of the most important factors that have 
a strong supporting to the effective operational risk 
management for the commercial banks of China. 

The human society has entered the informat ion society 
in today. The information has become an  indispensable 
part of our daily management activit ies. The information 

theory, which is a part of the system theory, considered 
that any practical activit ies, putting aside the specific 
movement patterns relating to the matter and energy, can 
be simplified as multi streams, namely the stream of 
people, the stream of logistics, and the stream of financing,
the stream of energy and the stream of information. The 
informat ion stream, which can also be called information 
flow, plays a dominant role in all of these streams. It is 
the reasonable flowing of in formation in the system that 
makes the system to maintain  its normal purposeful 
movement. In  the internal of system itself, the information 
stream is also adjusting the amount, direct ion, speed and 
target of other streams, and controlling regular exercises
of people and material. It is always an important factor of
supporting to the efficient operating of the system. Hence, 
as the management systematic engineering for the 
operational risk management in commercial banks of 
China, the information flow also plays an important 
supporting role in the effectiveness of operational risk 
management. 

In this paper, the operational risk management 
informat ion system has at first been analyzed about its 
main functions, its informat ion transmission routes and 
security by utilizing qualitative analysis . At last, some 
suggestions have been put forward in order to provide 
useful help to the sound operational risk management in 
commercial banks of China. 
       
II. ISSUES IN THE MANAGEMENT INFORMATION 
SYSTEM IN THE COMMERCIAL BANKS OF CHINA 

In China, the management informat ion system of 
commercial banks is an application sys tem based on bank 
informat ion system and underpinned by network. It is a 
comprehensive management information system based on 
Intranet Network and so far had perfect office LANs
among the head office, the first level branches and the 
second level branches of the bank. Between the head 
office and the first level branches, the implementation of 
LANs interconnection is realized  through the first level 
data communication network of the bank. And, between 
the first level branch and the second level branches, the
realization of LAN interconnection is achieved through 
the second level data communicat ion network of the 
bank.  [2] In general, the management informat ion system 
of commercial banks, which is combined organically  with 
comprehensive banking business information system, has
powerful security mechanis ms, and rigorous authorization 
management, and meticulous operation ru les . It has high 
operation stability coefficient.  
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Currently, some achievements have been made in the 
construction of management information system of banks 
in China, especially in  the aspect of hardware. But  there 
are still insufficient issues due to various reasons, main ly 
in the following:

A. The Weakness in the Fundamental Work  

For most commercial banks of China, the overall 
planning was not fu lly in p lace and the fundamental work 
was weak at the beginning of the construction of the 
informat ion management system due to historical reasons. 
These resulted in the fact that the development of the 
informat ion management system was begun basically in 
the different time  and different management departments 
according to their respective needs . This would be bound 
to cause inconsistent standard of the information 
collection and exchange, which is faced with how to carry 
out the transmission of information between different 
banks, different management departments. 

B. The Lagging of the Risk Monitoring 

For commercial banks of China, the risk monitoring 
ways were behind t imes due to coming late of the ideas of 
operational risk management. This resulted in d ifferent 
degrees of attention to the operational risk management 
for different commercial banks. The result was that some 
banks were having better control to the risk information 
and some banks were being at preliminary stage. However, 
it was an indisputable fact that the risk monitoring way 
had been behind times. 
       
C. The Lacking of the Risk Management Data 
       

The data is the main load of the informat ion flow,
which shows that the risk information system is strongly 
dependent on the risk data. But it was a universal fact that 
the risk data management had not been in  place for 
institutions at all levels of China s commercial bank. This 
is bound to affect effectively and efficiently the running 
of the operational risk management information system. 

In order to provide stronger support to the operational 
risk management, the ORMIS (the operational risk 
management information system) which should be to run 
smoothly must be established without delay. 

III. THE MAIN FUNCTIONS OF THE ORMIS IN 
COMMERCIAL BANKS OF CHINA 

At present, operational risk is one of the main risks 
faced by the commercial banks of China. The effect ive 
and efficient management of it must rely heavily on the 
strong support of bank management informat ion system. 
Accurate, timely  and comprehensive data along with 

robust, integrated information systems are an integral part 

management systems must have the ability to capture and 
measure key risks in a globally integrated manner. [3] The 

ORMIS is the subfield of the bank management 
informat ion system in the aspects of operational risk 
management. The ORMIS is essential in the operational 
risk management process. It is the basis and the propellant 
of operational risk management. The process of scientific 
collection, induction and deduction about loss data are 
dependent greatly on the successful ORMIS for 
commercial bank, otherwise, the carrying forward of the 
operational risk management will be restricted greatly. At 
present, the ORMIS of international act ive banks are still 
in the process of explorat ion and construction. The degree 
of perfection and maturity of them cannot be mentioned in 
the same level with the market risk and credit risk 
management information system. Even if for HSBC, as a 
famous international active bank, the final statistical 
summary report is still based on manual for the 
operational risk management informat ion which has been 
collected although through information system [4]. 

For China's commercial banks, the qualified ORMIS 
should include the information on  operational risk 
management widely. Not only can it efficient collect and 
accumulate in formation relating to the management of 
operational risk from front desk operators  of the banks,
but also can provide informat ion to the background and 
the management departments of the bank. It can  be linked 
smoothly with other internal systems, and when necessary, 
connected with other external information systems 
unhinderedly, implementing relating data downloading 
and operating and other functions. 

The main supporting functions provided by the 
ORMIS should include the technology adoptions and their 
feedbacks relat ing to the operational risk control self 
assessment, and the tracking of loss event, and the key 
risk indicators, and the qualitative or quantitative analysis 
and capital allocations.

A. The Control Self Assessment of the Operational Risk  

For the control self assessment of operational risk, the 
ORMIS can provide powerful support for data archiving 
and assessing of operational risk, which  includes business 
process, operational risk events and the corresponding 
control measures to the operational risk management. The 
ORMIS can also support the qualitative and quantitative 
analysis of the operational risk, also can provide support 
to the making of the plan of action and revising of it. For 
the outputting of operational risk management data, and 
the testing, reviewing and evaluating of self assessment 
process, the ORMIS can provide powerful support, as the 
same as to the bank s administrative management and 
audit trail.  

B. The Tracking of Loss Events 

It is very important to record timely loss events in  the 
operational risk management process . The tracking on the 
existing and possible loss events can be carried out 
through the ORMIS. Rely ing on the commercial bank s
ORMIS, the occurring time of loss events, the amount of 
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losses and the mutual relat ionship of them can be treated 
with timely and effectively. In order to obtain perfect 
recording of loss events, the ORMIS can assist the 
correction of tracking if the prev ious records were not 
complete 

C. The Key Risk Indicator 

In the processes of operational risk management for 
commercial banks of China, some key statistical 
indicators and financial indicators  are usually chosen so 
as to reflect the operational risk profile of the bank, to 
monitor the changes of the operational risk. The ORMIS 
can provide the tracking of some specific values relating 
to the management of operational risk. The obtaining of 
data from the data source can be accomplished with 
manual and automatic ways based on the ORMIS. Also, 
the functions of early warn ing indicators , the establishing 
of the benign interactive relationship of operational risk 
and its control can be carried out through the commercial 
bank s ORMIS. 

D. The  Qualitative or Quantitative Analysis 

In the processes of operational risk management, the 
application of qualitative analysis and quantitative 
analysis is essential. But it should be verified whether the 
approaches of qualitative analysis and/or quantitative 
analysis are fully consistent with the needs of the bank.
Therefore, the real-time tracking and the feedback of 
informat ion on the approaches are necessary so as to 
obtain required information for further correction action.
The ORMIS can provide this support strongly. 

E. The Capital Allocation 

Capital allocating to the operational risks faced by 
commercial bank is the imperat ive requirement of the 
Basel banking regulatory authorities. The commercial 
banks of China must attach great importance to it. The 
ORMIS can provide added risk exposure, can provide the 
data for the capital model used or some system functions,
can promote continuous optimization of the calcu lation of 
capital allocation. 
               

IV. THE INFORMATION TRANSMISSION ROUTES 
OF THE ORMIS 

One of the characteristics of commercial banks in 
China is that multi-level organizations have been set up 
by much of the banks and these organizations are over a 
broad in geography. In such case, how to ensure the high 
speed, accurate and reliable transmission of information 
related to the operational risk management, namely the 
design of information transmission routes becomes an 
important issue that can not be ignored in the course of 
the ORMIS construction.

Based on the System Theory and  practical 
experiences many years in a commercial bank in China, 

we think the integral information trans mission routes of 
the ORMIS should be divided into two lines in the 
opposite direction respectively. One is the route of from 
bottom to top, which can be used to transfer risk 
informat ion. Another is the up-to-down route, which can 
be used to transfer decision making related to the 
operational risk management. The two routes should be 
indispensable and depend mutually on and constitute an 
organic whole. 

A. The Bottom to Top Transmission Route  

The managers coming from the business sector and 
the first-line of the banks and being responsible for 
operational risk management is the starting point of 
operational risk information trans mission route. They 
collect operational risk in formation relating to the 
business operation, includ ing the occurring  time and 
location of risk events, amount of loss, the relevant 
responsible person, the types of risk, and having been 
taken or will being taken remedial measures, and whether 
a large operational risk loss events and so on. These are 
basic and original in formation needed for the operational 
risk management. The requirements demanded on them 
should be comprehensive, accurate and timely. The 
managers, described above, should at once transfer such 
risk informat ion collected to a higher level above them or 
the head office of the risk management department after 
they have collected them at any time. 

After the operational risk information has been 
received through the ORMIS of the bank by the functional 
departments in charge of the operational risk management, 
the information needed to upload should be sorted out, 
together with further collection in these functional 
departments, including  periodical verification and 
gathering analysis of such information coming from the 
managers on the business departments and front-line 
operational risk management. The analysis tools can 
include qualitative analysis methods and/or quantitative 
analysis tools. Among them, operational risk VaR model 
and stress testing model may  be used to conduct the risk 
informat ion depth processing, together with the testing of 
policies of some relevant functional departments  and the 
testing of regulation rules and supervisory policies of the 
supervisory authorities, so as to analyze and evaluate the 
original and summary risk information integrally. Based 
on the ORMIS, the risk information and the relevant 
policy information and the evaluation informat ion of the 
functional departments should be packaged in accordance 
with the requirements of relevant decision-making 
institutions relating to the operational risk management 
and then reported to the risk management department at 
higher level. 

The terminal po int of the bottom to top information 
transmission route is the decision making sectors relating 
to the operational risk management in the h ighest level, 
such as the bank's board of directors, board of supervisors, 
the risk management committee, and the functional 
department of the operational risk management in the 
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head office of the bank. These decision making sectors 
should make fu rther analysis and further evaluation of the 
informat ion uploaded entirely and comprehensively, 
including the comparisons with the strategy of operational 
risk management of bank as a whole, and whether the 
collected in formation consistent with the provisions of the 
head office, and whether the management p rocess and 
analysis tools appropriate, and whether preventive or 
remedial measures reasonable and whether the internal 
and external environment being changed, etc.. According 
to the above analysis and evaluation and the up-to-date 
requirements of the bank, these risk management decision 
making sectors make reasonable adjustments to the 
operational risk management strategy, tolerance of risk,
process, infrastructure and environment, and at last, the 
final new operational risk management decision coming 
into being.  

B. The Up-to-Down Transmission Route  

The decisions relating to the operational risk 
management made by h igher level decision making 
sectors of the bank should be passed to the appropriate 
risk management departments and business departments 
through the ORMIS in  the form of operational risk 
management strategy, and operational risk management 
policies, operational risk management index, proposals 
approved, suggestions of management, and so on. Based 
on the risk management decision information received, 
along with the specific operational risk information 
obtained in specific business, the specific functional 
departments can convert such described information into 
specific operational risk management informat ion. That is 
to convert generalized decision informat ion into specific 
and quantitative decision information which has been 
provided with the practicability and maneuverability to 
the specific business departments, and to communicate it 
through various channels  so as to become specific basis 
for the operational risk management.  

The operational risk information transmission route 
and the transmission route for the management decision 
informat ion is an organic whole, is a  dynamic circulated 
process. Each circulat ion has the new information added, 
and some in formation feedbacks may occur in d ifferent 
transfer stage. In the changing external environment, all 
of these can prompt commercial bank  operational risk 
management effectively. 

V. THE CONSIDERATIONS OF THE ORMIS 
SECURITY 

For the commercial banks of China, the ORMIS is one 
of the most valuable assets . So its security is an issue that 
can not be ignored. In the process of operating of the 
ORMIS, we should not only ensure the ORMIS to provide 
safe supporting to the bank s effective management of 
operational risk, but also to ensure the safety of the 
ORMIS itself so as to prevent new operational risk 

coming from the ORMIS itself. Therefore, the particular 
attention should be paid to the following issues.

A. The Consideration to the Safety Culture 

The commercial banks of China must attach enough 
importance to the development of safety culture imbedded 
in the ORMIS. This involves mainly the establishment of 
mutual restraint system, the power separation system and 
the lowest possible privileges system, and so on.  

The ORMIS is a complex system. Sensitivity and key 
features are the characteristics of some functions and 
programs of the ORMIS, for example, the system 
init ialization, and the network security construction, and 
the modificat ion of operating system parameters  and 
business continuity plan, and the installation of firewall, 
the setting up of master password, the carrying out of the 
emergency procedures, the accessing to back-up recovery 
resources and the establishment of security key. Their safe 
operation is vital to the whole ORMIS. Every one position 
of these must be operated by more than one person,
cannot by only one person. Therefore, it  is a matter of 
utmost urgency for the establishment mutual restraint 
system. The powers separation system is an important part 
of safety culture. In it d ifferent person should be in charge 
of different functions and operations , for such as system 
design and development, operation and maintenance 
procedures, computer operation, database management, 
security management, data security control, database and 
backup data. The powers separation also requires  the job 
rotation for security management function and cross 
functional or trans-department training. In order to guard 
against fraud, we must design appropriate transaction 
process to ensure that no one can generate at the same 
time the input, the approval and the implementation.

In the minimum possible priv ileges system, the right 
of accessing and the system priv ileges must be authorized 
to the employees according to their functional needs and 
requirement of to complete their work. Anyone can not 
contact information and confidential system resources 
without limit because of his position. Only authorized 
person can be permitted to access to confidential 
informat ion and to use legitimately the system resources. 
For the outsourcer of the key  network and computer 
resources, if not properly  managed, the network system 
would be faced by operational risk. Therefore, stricter
control, supervision and entry restrictions  must be made 
to the external person.  

Senior management of the commercial banks of China 
must attach great importance to the setting up the bank 
safety culture. 
create a security culture that is equipped to handle the 
pace of change, and remain motivated to further improve 

 [5] 

B. The Consideration to the Maintaining Secrecy 
               

In order to ensure the security of ORMIS, necessary 
secrecy for something is essential. Informat ion stored in 
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medium such as a card, hard disk, disk, tape, CD, film or 
written records and so on, are to be protected with secrecy.
We must consider whether to encrypt the password when 
it is stored in the electronic, magnetic or v isual media. For 
the informat ion which was limited and confidential, we 
should consider whether to delete it permanently when it 
is beyond the period of validity. We should tell the 
employees often to change his password of entering 
network and email. In a word, we should always have 
sense of confidentiality and ensure the security of the 
ORMIS.  

C. The Consideration to Firewall 

A major feature of modern in formation management 
system is the widespread application of computer network. 
It is also for the ORMIS. Firewall is one of the key 
components of network security. It can isolate the 
connection between the commercial banks  internal 
network and the Internet. In the process of running of 
management informat ion system, the internal network of 
the bank and the Internet must be isolated logically by the 
firewall structure. Usually, the internal network and 
external network must be isolated physically and logically.
If possible, all of the inflow and outflow of data should be 
filtered and checked. In order to ensure the valid ity, all 
firewall must be qualified in the round under the attacked. 
In the active use of firewall to protect information sys tem,
we should at the same t ime  also be aware soberly that, 
with the development of technology, the use of firewall 
protection measures and their future changing forms 
cannot make radical guarantee for the security of bank s
management informat ion system. Various infilt rators may 
have a way  to break through the firewall limit  and bring a 
variety of hidden trouble to the security of information 
system.

We should always bear in mind: being on guard 
against the ORMIS can greatly reduce the invading 
coming fro m the infiltrator and can greatly reduce the 
possible loss. 

D. The Consideration to Emergency 
              

One of the most important steps to ensure the security 
of information system is to keep a copy of the important 
informat ion. Of course, in the long run, it is the best to 
have a clear emergency structure, which is to establish a 
comprehensive and clear and efficient emergency plan for 
the commercial banks of China. In this way, the sound 
and stable operation of the ORMIS in emergent situations 
can be ensured by the commercial banks of China.

IV. CONCLUSION 

Based on above analysis, we can see that for the 
operational risk of the commercial banks of China, as a
kind of comprehensive risk, the construction of the 
ORMIS, especially in  the effective information 

transmission routes, security in informat ion, has a 
significant impact on the operational risk management.
We must pay special attention to it so as to the sound and 
healthy development of the commercial banks of China. 
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Abstract - This study aims to test the relationship 
between knowledge management (KM) strategy and firm 
performance. An inductive approach is employed to refine 
six KM strategy orientations drawing on previous literatures. 
Based on survey data from 345 Chinese firms, structural 
equation modeling is applied to test the relationships 
between KM strategy orientations and firm performance. 
The research results demonstrate that (1) KM strategy 
orientations complement each other, and their 
complementarity is an essential intermediate link of KM 
strategy affecting performance, and that (2) the direct effect 
of each KM strategy orientation on performance is not 
significant.

Keywords - Complimentarity, firm performance, 
knowledge management strategy (KM strategy), structural 
equation model 

I. INTRODUCTION  
 

Knowledge management (KM) strategies influence 
firm performance [1-3]. But “how performance effects of 
KM strategies form” is not well understood [2]. It is 
believed that KM strategy usually consists of many 
strategy orientations [4]. The relationship between these 
orientations and firm performance is controversial in large 
amount of researches [2]. Some of those researches argue 
that complementarities exist among KM strategy 
orientations, vital to the improvement of firm 
performance [5-6]; while others insist that no 
complementarities exist there, and suggest that KM 
strategy orientations separately and independently 
influence performance [7-8].  

Based on survey data of 345 Chinese firms, we 
investigate the relationship between KM strategy and firm 
performance. The study finds that complementarity 
among KM strategy orientations influences firm 

performance significantly, and that performance effect of 
single orientation is not significant. 
 

II. THEORETICAL FOUNDATIONS 
 
A. The Concept of KM Strategy 

We define KM strategy as “a set of firms’ decisions 
on basic principles and characteristics of KM activities” 
by referring to relevant concepts of articles [4-5]. And we 
also refine and deduce six major KM strategy orientations 
building on two complementary constructs from [7] [9]. 
Each pair of these six orientations separately belongs to 
one of following three groups: knowledge acquisition, 
dissemination and application [10]. 

Knowledge acquisition. External orientation 
emphasizes acquiring external knowledge in public places, 
and the Internet etc. [11]. Internal orientation emphasizes 
acquiring internal knowledge embedding in organizational 
behaviors and processes.  

Knowledge dissemination. Explicit orientation 
emphasizes knowledge coding and diverse forms of 
documents in helping employees acquire and share 
knowledge. Tacit orientation emphasizes interpersonal 
communication, boosting knowledge dissemination 
through communications and social networks.  

Knowledge application. Exploratory orientation 
emphasizes exploring new knowledge, encouraging 
innovation and heavy investment of substantial resources 
on R&D. Exploitative orientation emphasizes the 
consolidation, integration and improvement of existing 
knowledge. 

Current literatures about six KM strategy 
orientations are exhibited in Table I. 

TABLE I 
LITERATURES ABOUT KM STRATEGY ORIENTATIONS 

Literatures 
Relevant KM strategy orientations 

Knowledge acquisition Knowledge dissemination Knowledge application 
External Internal Explicit Tacit Exploratory Exploitative 

Dibella, Nevis and Gould [10]       
Bierly and Chakrbarti [5]       
Jordan and Jones [12]       
Hansen, Nohria and Tierney [7]       
Zack [9]       
Schulz and Jobe [13]       
Bierly and Daly[14]       
Choi and Lee [6]       
Pai [8]       
Choi, Poon and Davis [2]       
Kumar and Ganesh [15]       
Liu, Chai and James [16]      
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B. Performance Effects of KM Strategy Orientations  
The extant researches on “How firms could 

efficiently implement KM strategy orientations for higher 
performance” have provided two dominating viewpoints. 
Some of researches argue that firms should focus on 
single one orientation [7]. Others suggest that 
simultaneously developing multiple orientations would 
bring higher performance [6] [8-9].  

Different perceptions of relatedness among KM 
strategy orientations give rise to the controversy among 
current researches [2]. It was also concluded that strategy 
orientations affect performance mainly in two ways: 
complementarity and non-complementarity [2]. 
Researches supporting “complementarity” [6] [9] argue 
that complementary relationship exists among KM 
strategy orientations, having synergistic effect in attaining 
organizational performance. The management implication 
of “complementarity” of KM strategy orientations is that 
balance among specific orientations is essential for 
profitability and performance. Researches supporting 
“non-complementarity” [7] suggest that there appear to be 
non-complementarity among KM strategy orientations 
when affecting firm performance. The management 
implication of “non-complementarity” with the 
perspective of KM strategy orientations is that pursuing 
individual orientations leads to better performance, instead 
of implementing a complementary set of orientations.  

Thus, clarifying the relationships between KM 
strategy orientations and firm performance remains a 
valuable research issue.  

Drawing on literatures of organizational economics, 
complementarity is used to describe a situation that one 
activity would increase pay-offs to the rest of activities 
when they are complementary [17]. There appear to be 
numerous empirical studies on complementarity of 
corporate management activities [18-21]. Adopting 
analysis logic of complementarity [20-21], we infer that 
complimentarity of KM strategy orientations comes from 
two parts: the sub-additive cost and super-additive value.  

The use of versatile resources simultaneously in 
multiple KM strategy orientations creates sub-additive 
cost. For example, established computer network supports 
the external orientation (collecting information from the 
Internet and email customers) and the internal (internal 
forum, email system, etc.); culture learning promotes both 
knowledge exploration and exploitation, as well as the 
dissemination and sharing of explicit and tacit knowledge; 
and introducing qualified employees will strengthen all 
KM strategy orientations. Strengthening one orientation 
by investing with information technology or human 
resources, the rest of orientations will be strengthened at 
the same time, which means that investment in one 
orientation leads to reinforcement of all orientations, 
resulting in sub-addictive cost. 

Synergistic effects of applying various orientations 
produce a “super-additive value”. For example, 
knowledge about market environment and customer 
preference (external orientation) and ideas of product 

designs (exploratory orientation) are mutually 
complementary, together ensuring the success of product 
development; dissemination of employees’ tacit 
knowledge (tacit orientation), exploration and exploitation 
of employees’ ideas (internal orientation) interact with and 
strengthen each other, jointly attributing to expanding the 
influence of knowledge.  

Sub-addictive cost and super-addictive value are 
regarded as symbols of high level of performance. And 
they are brought by complimentarity of KM strategy 
orientations. Though the theoretical analysis suggests 
performance effect of complimentarity, it is also crucial to 
test the independent performance effects of individual 
orientations, by following the method proposed by [20-21]. 
Thus, we propose two competitive hypotheses: 

H1a. Complementarity of six KM strategy 
orientations has a positive effect on firm performance. 

H1b. KM strategy orientations separately and 
independently affect firm performance positively. 
 

III. METHODOLOGY 
 
A. Research Model 

Based on the research hypotheses displayed above, 
our research model is set as Fig.1 including Fig.1 (a) and 
(b). 
 
B. Measurement 

Twenty four items of KM strategy come from 
literatures in Table I. The firm performance scale contains 
four items simplified from [22], which are applicable to 
describe the firm performance in Chinese context. And we 
introduce two control variables: firm size (staff population) 
and firm age. 

The above items have been discussed repeatedly by 
two Management professors and three Management PhDs, 
and constituted a draft questionnaire.  

Nineteen middle and senior managers from different 
industries voluntarily participated in pretest study in 
Chongqing. And according to their suggestions, we 
revised previous questionnaire. Then we invited serving 
MBA students to participant in a pilot test and sent out 
200 questionnaires. We refined items again based on data 
from 113 valid questionnaires completed by informants, 
obtaining 24 items for KM strategy, 4 items for 
performance. 

The KM strategy scale items describe current 
situations of their firms. The scale ranges from 1 (strongly 
disagree) to 5 (strongly agree). Firm performance scale 
items describe the performance compared to that of main 
competitors. The scale ranges from 1 (much lower) to 5 
(much higher). 
 
C. Sample 

We sent 800 questionnaires to the companies in 
China’s east, middle and west (including Shanghai, 
Beijing, Jiangsu, Fujian, Guangdong, Anhui and 
Chongqing, etc.). We recalled 436 questionnaires, and the 
response rate is 55%. The number of valid questionnaires 
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is 345, and the valid rate is 71%. Eighty-two percent of 
respondents held management titles (from first line to 
executive level). 

The proportions of questionnaires returned from 
China’s east, middle and west are respectively 29%, 33%, 
38%. Forty one percent of the responding firms operate in 

manufacturing industries, while 59% of them operate in 
service industries. The proportions of state-owned, private, 
foreign-invested and other firms are respectively 50%, 
20%, 26%, 4%. The average number of employees 
(average firm size) is 2037, and the average firm age is 12 
years. 

 
Fig.1. Research model 

 
IV. RESULTS 

A. Reliability and Validity 
We have done confirmatory factor analysis (CFA) 

for the 24 items of KM strategy. A six-factor CFA model 
shows acceptable Goodness-of-fit statistics ( 2  (237) = 
538.606, RMSEA = 0.061, CFI = 0.967, NNFI = 0.962, 
IFI = 0.968). Standard factor loadings are between 0.477 
and 0.849, which achieve comparatively high significance 
level (p<0.001) and manifest comparatively good 
convergent validity. The 95 percent confidence interval of 
the pairwise-related coefficients between factors does not 
contain 1 or -1; therefore it has a good discriminate 
validity. Cronbach’s Alpha values for six orientations 
(0.692, 0.694, 0.772, 0.723, 0.810, 0.871) offer evidence 
of reliability. 

Then, we measure a second-order factor model 
( 2 (246) = 578.925, RMSEA = 0.063, CFI = 0.964, 

NNFI = 0.959, IFI = 0.964), by specifying six first-order 
factors to a second-order factor. Standardized factor 
loadings of the second-order factor are all highly 
significant (p<0.001), varying from 0.639 to 0.927. Hence, 
the second-order factor model is acceptable. 

Four items of firm performance are contained in an 
one-factor CFA model. Goodness-of-fit statistics are 
acceptable ( 2 (2) = 2.083, RMSEA = 0.011, CFI = 1.000, 
NNFI = 1.000, IFI = 1.000). Standardized factor loadings 
of measurement items vary from 0.574 to 0.835, and t-
values are all highly significant (p<0.001), demonstrating 
justification for convergent validity. Cronbach’s Alpha 
value is 0.777, showing a preferable reliability. 

We compare a seven-factor model (six KM strategy 
orientations and one firm performance dimension) with a 
Harman one-factor model to test the common method 
variance. The 2  is significant (p<0.001). Thus, 
common method variance bias is acceptable.  
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B. Hypotheses Testing 

Following the methodology of previous literatures 
[20-21], this study uses structural equation models in 
Fig.1 (a) and (b) to test H1a and H1b. Fig.1 (a) models 
complementarity as a second-order construct. The first-
order factors respectively capture six orientations, while 
the second-order factor captures complementarity of all 
first-order factors, indicating that orientations affect firm 
performance via the second-order factor. Fig.1 (b) models 
the direct effects of six orientations separately on firm 
performance, which allows the pair-wise correlations of 
six orientations. There are two control variables “firm size 
(staff population)” and “firm age” in both models. 

Goodness-of-fit statistics of the two models are 
acceptable. The second-order factor (complementarity) 
model ( 2  (398) = 1043.16, RMSEA = 0.069, CFI = 
0.95, NNFI = 0.94, IFI = 0.95) identically fits the first-
order factor model ( 2  (384) = 997.51, RMSEA = 0.068, 
CFI = 0.95, NNFI = 0.95, IFI = 0.95). The second-order 
factor model should be accepted because of its 
conciseness. As shown in Fig.1 (a), the complementarity 
(second-order factor) has a significant impact on firm 
performance (standard path coefficient = 0.605, p<0.001), 
and the finding supports H1a. As shown in Fig.1 (b), the 
direct effect of each KM strategy orientation on 
performance is not significant, and the findings do not 
support H1b. Collectively, H1 is accepted. 
 

V. DISCUSSION 
 
A. Contributions to Research and Practice 

Researches on “How KM strategy influence firm 
performance” have long been involved in the 
controversies about its “black-box”. Previous researches 
have theoretically stated and practically tested the crucial 
role of complementarity [2] [9]. But current empirical 
studies on this issue provide inconclusive results. The 
study has explained the reasons why KM strategy 
orientations complement with each other, providing 
empirical evidence for complementarity affecting 
performance and finding that complementarity is an 
essential intermediate link for performance effects of KM 
strategies. Also, the study offers a corresponding answer 
to the controversy of current researches. 

The study implies that balancing resource allocation 
to KM orientations is conducive to increase firm outcome 
and long-term development. 
 
B. Limitations and Future Work 

Cross-sectional design is one of the study’s 
limitations, because KM strategy needs a while to take 
effect. Longitudinal design is more conducive to in-depth 
analysis and exploration of the “black-box” of KM 
strategy affecting firm performance. Other mediators and 
moderators of performance effect of KM strategy also 
warrant more inclusive researches. 
 

VI. CONCLUSION 
 

Based on survey data from 345 Chinese firms, this 
study empirically tests the direct and the indirect 
relationships between KM strategy orientations and firm 
performance, and uncovers that (1) complementary effect 
exists among six KM strategy orientations, having a 
significant positive effect on firm performance, and that (2) 
KM strategy orientations individually have no significant 
effect on firm performance.
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1 Abstract - Being an effective way to technological 
innovations, basic ideas and methods of TRIZ can be applied 
to the methods of management innovations. There is 
difference between technical system and management system, 
but at the same time management innovations provide more 
space for the application of TRIZ, management problems 
having more solving paths and possible solutions. The key 
point of applying TRIZ in the method of management 
innovations successfully is to innovate TRIZ methods 
according to the characteristics of management system. This 
paper discusses the methodology advantages of applying 
TR1Z in management innovation, put forward the basic idea 
of the management specialization of TRIZ to management 
innovation, as well as the basic work of the management 
specialization of TRIZ.  

Keywords - Conflict, management innovations, 
management specialization, TRIZ, TRIZ methodology 

I. INTRODUCTION 

TRIZ is Theory of Inventive Problem Solv ing, first 
started by Soviet inventor, the chairman of Inventors
Association, Genrich S. A ltshuller, from 1946. It puts 
forward a complete system of theories and methods for 
inventive problem solving on the basis of studying two 
million h igh level patents around the world. It main ly 
aims at studying the principles and laws that human 
beings follow during innovation, invention and technical 
problem solving.  

TRIZ provides a set of standardized tools to guide the 
direction and process of innovation [1, 2], such as 
Contradiction Matrix, invention Princip les, technical 
evolution rules, Substance-Field analysis, the Innovation
Algorithm (ARIZ) [3], and so on. Meanwhile, TRIZ 
provides a number of methods to overcome thinking 
inertia to train professionals' innovative thinking [3, 4],
such as miniature person model, STC(Size-Time-Cost) 

novation activities 
have the potential to become a systematic process to be 
learned, trained and operated, and it is now recognized as 
the most systematic and mature innovation methods 
theory.  

TRIZ have begun to receive academic attention in 
China, and get a better application in the field of 
engineering and technology, but less so in the field of 
management innovation. This paper attempts to explore 
the idea of using TRIZ for solving management problems. 

                                                                
1  This paper is subsidized by the Natural Sciences Fund in Hebei 

QN2014322)

II. APPLICABILITY OF TRIZ FOR MANAGEMENT 
INNOVATION  

TRIZ regards the core of innovation is to solve 
conflict. Management innovation problems may be 
thought of as the elimination of management conflict. 

the arrangement made about a system and its consisting 
components in order to achieve a certain  goal [5], before 
achieving the goal. This definit ion is quite suitable for the 
studies of management innovation methods: The 
"arrangement" is a state, the process of transition from 
one state to another state is management innovation [6]. 
Transformat ion of arrangement may result in conflicts 
between management elements , people can use TRIZ to 
define management problems and conflicts, to confirm 
management innovation direction until using the 
invention principles and tools to eliminate management 
conflicts.  

However, TRIZ is the summary of the law of 
inventions in the field of engineering and technology. 
After all, technology systems and management system is 
different, the former mainly is about object system, while 
the latter is more o f a system comprised of human and 
objects, which is becoming more complex because of 
human involvement. "Human" factor make management 
study face two difficu lties, which are manager's image 
thinking and management situations [7]. Apart from under 
specific work environments, the various management 
elements are also under the influence of mode of thinking 
of the management body. The key to successfully apply 
TRIZ to management innovation is to carry out 
innovation to TRIZ method, combining the features of
management object system.  

What needs to be pointed out is that "human" factor 
provides more space for applying TRIZ into management 
innovation.  

Firstly, as a kind of soft technology, management is 
still a technical system. The main characteristic of soft 
technology differs from hard technology is that its action 
target is the operator [8], the action mode of soft 
technology is limiting the actions and methods between 
operators and between operator and tools by rules systems, 
adjusting the way, method or process of operator by 
regulations and standards. Therefore, the management 
system is still a  technology system, as a technological 
invention theory, TRIZ s majority outcomes still apply to 
management innovation.  

Moreover, it  is more flexib le in the aspect of 
adjusting and regulating human, providing more 
opportunities for management innovation. From an 

Analysis on Methods to Applying TRIZ to Solve Management Innovation 
Problems

Ya-qiang ZHANG*, Hong-mei LI
Department of Business Administration, Xingtai University, Xingtai Hebei, China

(tjhbzyq@126.com)

21st International Conference on Industrial Engineering and Engineering Management 2014 (IEEM 2014)

E. Qi et al. (eds.), Proceedings of the 21st International Conference on Industrial Engineering
and Engineering Management 2014, Proceedings of the International Conference on Industrial Engineering
and Engineering Management, DOI 10.2991/978-94-6239-102-4_ © Atlantis Press and the authors 2015133,

655



analysis of a large number of conflict-solving strategies, 
Extension theory finds out that objects can be analyzed 
from d ifferent angles [9], in which the concept of object is 
a much broader. In the aspect of materiality, objects have 
material part (real part ) and non-material part (imaginary 
part); in the aspect of systematicness, objects have 
consisting parts and relationships (hard part and soft part); 
in the aspect of dynamic, objects have revealing part  and 
hidden part; in the aspect of opposition, object have 
positive part and negative part about certain characteristic. 
Many innovations ta
part, soft part, hidden part and negative part, which makes 
some conflict problems that hard to solve to transform. In 
management system, "human" factor is often reflected as 
imaginary  part, soft part and hidden part of s ystem, the 
adjustment of human contains more opportunities for 
innovation, this adjustment is more flexible, and often is 
no-cost or low-cost, which actually does benefit to 
system's evolution to IFR(the Ideal Final Result). For 
example, JIT innovation puts more emphasis on the 
continuous optimization of human and organizational 
aspects, such as Kanban, mult ifunctional workers, 
visualization, etc. 

III. THINKING OF USING TRIZ FOR SOLVING 
MANAGEMENT PROBLEM 

TRIZ is a kind of heuristic methodology, does not 
aims at each specific problem of users, generalizes 
specific problems as general problem and provides 
general solutions through the abstracted standard models.
TRIZ offers a range of standard analysis models without 
technical jargon, such as engineering Parameters, 
Contradiction Matrix, Substance-Field analysis, ARIZ etc. 
Then TRIZ compares the general solution with specific 
problem and transforms to the solution of specific 
problem, realizes it in pract ical design and finally getting 
the practical solution of specific p roblem. The 
methodology of TRIZ for problem solving is shown in 
Fig.1. 

A. Advantage of TRIZ Methodology 
 TRIZ is different from the conventional science and 
engineering methods, is very practical. Its methodology 
strengths can also be applied to management systems, is 
beneficial to solve management problems. 
1) TRIZ is the Embodiment of Philosophy Principles 

Opposition and unification law, from quantitative 
change to qualitative change law and negative of negative 
law, these three laws in Dialectics of Nature as the most 
common applied law are too macro and uneasy to operate. 

s technological evolution modes and routes are a 
kind of reveal and summary of these objective laws  which 
is easy to operate, and are also reflected in the other tools 
of TRIZ system. Actual designers do not need to focus on 
the internal relat ions between all evolut ion principals , 
simply need select and materialize it. In this way, TRIZ 
embodies general technology philosophy, also has 
become a practical design and invention tool.  

Fig.1. TRIZ methodology 
2) TRIZ is a Methodology of Knowledge-based, People-
oriented Innovation Problem Solving 

The knowledge adopted by TRIZ are abstracted from 
the world-
supports many rounds of repeated use of these abstract 
knowledge. Based on abstract knowledge, TRIZ provides 
a set of standardized analysis models, which transform 
fuzzy orig inal invention problems into simple problem 
models, and try to avoid  using technical terms, so may 
more widely uses knowledge outside of company, 
industry, subject for problems solving.  

For complex design problems, an inventive princip le 
is not enough, in the selection process of principles, in-
depth consideration of problems and experience are 
needed. In the transformation process from general 
solution to specific solution, in-depth thinking, ingenuity 
and experience about problems are also indispensable. 
Thus, TRIZ is based on tacit knowledge and experience, 
so is based on human, and TRIZ's applicat ion is linked 
with designers' experience and mature p rocess. As pointed 
out by Qian Xuesen, quantitative methodology for dealing 
with complex systems is a combination of scientific 
theory, experience and expert  judgment. This  kind of 
methodology is a semi-empirical and semi-theoretical 
[10].  
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3) TRIZ is a  Reverse Search Mechanism of "Target-
Approach" 

Different from the positive "condition-result" mode of 
current science and technology system, at the beginning 
of problem-solving, TRIZ confirms the direction and 
position (technological evolution, the Ideal Final Result) 
to avoid repeating exploration work in other methods, and 
then explores specific solutions with appropriate
principles or laws, improving the efficiency of innovation. 

TRIZ has many advantages, which makes the 
introduction of TRIZ into management system can be 
directly  based on TRIZ s ideas, methods and frameworks. 
In particu lar, the stylized analysis tools about innovation 
problems, such as Substance-Field analysis, ARIZ 
algorithm, can be directly introduced in the analyzing and 
solving of management problems, because a thorough 
analysis of problem often means to solve the problem.  

B. Management Specialization of TRIZ 
Introducing TRIZ into management systems needs to 

make adjustments about TRIZ, according to the 
characteristics of management innovation. There are two 
possible directions, one is adding, amending the 
components and tools of TRIZ in  view of management 
system, the other is carrying out necessary simplification 
to adapt practice in management field. 
1) Revise of TRIZ for Management Specialization  

TRIZ mainly is the summary of invention knowledge 
in engineering and technology field, though technical 
jargons are avoided as much as possible, there is still deep 

of engineering and technology. A 
considerable part o f inventive principles and analytical 
tools are applicab le to management problems, but parts of 
evolution rules and innovation principles need to revise. 

Evolution law of technical system is an important 
basis of TRIZ. Rule of evolution to micro-level and 

 need to adapt to the management 
system, summarizing different energy fields of 
management. S-curve evolution ru le is changing due to 
human factor in management system. Specific 
amendments of evolution laws will lead to ad justment of 
other innovative principle and methods structure.  

39 engineering Parameters and 40 Principle should 
make professional adjustments according to management 
problems, part icularly designing the standard parameters 
about management system. Reference [11] has made 
relevant attempts. 

Segmentation principle is also proved to have good 
usability in solving management contradictions. However, 
what is difficult for management arrangement is the 
segmentation of system factors , managers stress more on 
some sort of "art" of "balancing and focusing". This 
requires the introduction of relevant principles of balance 
and symmetry, guiding to solve management innovation 
problems.  
2) Simplification of TRIZ for Management Specialization  

Relevant surveys show that the use of management 
tools in enterprise is not optimistic [12]. The complex and 
complicated process, high demanding of resources, the 

limitat ion of environment and culture conditions is 
unfavorable to the use and success of traditional 
management tools. This also reflects the current 
management theory has wide applicability and constrains 
of implementation conditions , management disciplines is 
more like a mysterious jungle, rather than a familiar path. 
Simple, pract ical management innovation logic is more 
practical significant, is conductive to change the 
"management jungle" situations. 

Given the using experience of management tools and 
techniques, TRIZ should constantly enrich its knowledge 
base and improve its tool system, at the same t ime, should 
carry out necessary simplificat ion about management 
problems to facilitate the application of management 
practices. For example, after professional adjustments are 
made about general engineering Parameters and 40 
Principles targeting at management problems, it is about 
to determine the Parameters and Princip les that are more 
often used, confirm the priority and reorder , form a new 
simplified management Contradiction Matrix.
Admin istrators can even skip the analysis and applications 
processes of Contradiction Matrix when solving certain 
problems, directly consider high priority invention 
principles, which can increase the efficiency of innovation. 
3) Basic Work of Management Specialization of TRIZ  

TRIZ in nature is a knowledge base about innovation 
rules and offers a range of principles and tools which can 
be easily retrieve by users. This knowledge base is 
constantly evolving and improving, new knowledge and 
systems are being added to TRIZ, such as, new symbol 
system of Substance-Field model, further development of 
conflict  and solving technologies, improvement of ARIZ 
algorithm, integration of TRIZ, Robust Design and 
QFD(Quality Function Deployment) [13], simplified 
TRIZ model [14, 15], and  so on. The management 
specialization of TRIZ is based on TRIZ framework, 
should also be a process having constant additions and 
amendments with  regard to management innovation rules. 
It is hard to complete the theory work once for all, not a 
simply mechanical application of TRIZ in management 
system. Applying TRIZ to solve management innovation 
problem needs summarize management theories and 
management practice experience, refine general 
management innovation rules, especially  summarize  new 
evolution rules, innovation principles, standard solutions 
or effects about management problems formed by the 
influence of human factor, as pointed out above, the 
adjustment about human is more flexible, which provides 
more solving path and feasible solutions for management 
innovation. 

IV. CONCLUSION 

 TRIZ, as a summary of invention & innovation rules 
in engineering and technology field, its fundamental ideas, 
methodologies and frameworks can be used by 
management innovation. TRIZ in essence is a knowledge 
base of rules related to invention and innovation, is also a
methodology of solving innovation problems base on 
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knowledge and human; its application in management 
innovation problems has more  space, is more conductive 
for managers to use management knowledge and 
management experience, providing more solving path and 
feasible solutions for management innovation. 

The application of TRIZ to solve management 
problems needs to target at the characteristics of 
management system, make professional adjustments to 
TRIZ, for example, selecting new management 
Parameters, setting up a management Contradiction 
Matrix, on this basis, carrying out necessary 
simplification about Contradiction Matrix and innovative 
Principles in order to facilitate the use of managers . In 
addition, TRIZ system about management innovation 
should also be a acknowledge base with continuous 
accumulation and enriching. 
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Abstract - Although the start of China's financial 
management is late, but after the development of about 
half a century, relevant theoretical research has matured,
and research focus is changing. Based on present situation,
this paper tries to count and analyze a lot of documents, 
which are published in Chinese academic journals from 
2010 to 2012. We plan to research from two angles of 
literature, research content and method of our country in 
recent years, and summarizes the research achievements 
of this stage, forecasts the development trend of financial 
management theory, and provide a reference for research
in the future.
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Hot-topic of Chinese financial management, statistics,
trend analysis
I. CHINA'S FINANCIAL MANAGEMENT THEORY 

DEVELOPMENT

Study on financial management theory in China 
began in twentieth Century 60 time, basically stagnated 
before the reform, but after developing for the past 
three and four years of rapid, it  had fruitfu l results, and 
at different stages, research focus is also advancing 
with the times.

In the first decade of twenty-first Century, the 
theory of financial management in China entered into 
the accelerated development period. Research content 
and visual angle are diversified. Wang Hua-cheng 
(2010) [1] pointed out that the research of Chinese 
financial management theory has combined with the 
actual and features of China. Furthermore, many
different research methods and interdisciplinary 
research perspectives coexist.

In second beginning of ten years of twenty-first 
Century, content of Chinese financial management  is 
more rich, more widely  tentacles, and at the same t ime, 
facing the vast literature, how to manage clear thinking, 
grasp the direction of the mainstream of the current and 

future is a problem. This paper attempts to analyze the
2010 to 2012 published in the core academic journals 
literature sort out the present research trend, to provide 
reference and inspiration to other scholars.

II. LITERATURE SOURCES AND SAMPLE 
SELECTION

Although there are many outstanding publications 
in the field, due to limited energy, this paper only 
selects the period from 2010 to 2012 published in the 
"accounting research", "management of the world", 
"economic research", "financial research" to the field 
of financial management literature as the research 
sample. According to the correlat ion literature and the 
theme, we selected 550 articles as the research sample.

III. ANALYSIS OF THE RESEARCH HOT-SPOTS 
OF FINANCIAL MANAGEMENT THEORY IN OUR 

COUNTRY

This paper research the hot-spots of Chinese 
financial management theories from the two aspects,
the contents and methods of the research.

A. From Chinese financial management theory content
We refer to Wang Hua-cheng (2010) 

classification method of financial management theory. 
Theories can be divided into four categories, and adjust 
the detail appropriately. In carefu lly read 550 papers, 
we found a part of the papers involve several research 
areas. Therefore, to ensure the rationality o f the 
statistical results, we according to the classification of 
the study content, repeat count the papers which 
involves many research areas. All together, we have
681 papers for statistics, as Table I:

TABLE I
SAMPLE ACCORDING TO THE CONTENT OF THE FREQUENCY DISTRIBUTION

Category theory of foundations The general theory of business Special business theory other theories

D
etails

basic category

M
odern financial 

m
anagem

entm
ethod

value m
anagem

ent

agency theory

corporate governance

m
arket efficiency

inform
ation disclosure

Financing  M
anagm

ent

investm
ent m

anagem
ent

operation m
anagem

ent

assignm
ent m

anagem
ent

International Finance

group financial 
m

anagem
ent

strategic m
anagem

ent

m
erger

The enterprise bankruptcy 
liquidation

G
REEN

social responsibility

theoretical innovation

other

number 13 99 13 9 114 4 40 94 62 24 45 11 26 21 20 3 13 22 30 18
sum 292 225 81 83

Percentage 42.88 % 33.04% 11.89% 12.19%
Note: the basic category of financial management concepts, financial management objectives and functions; modern financial management method 
includes internal control, risk management, enterprise performance and performance evaluation
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B. The basic theory of financial management
The research on the basic theory of China has 

broken through the traditional research scope, research 
content innovation. Research direction is main ly 
transferred to modern financial management, corporate 
governance, involving the two aspects of the article to 
the class of 73%.

First of all, we analyze the research on corporate 
governance.

The author believes that the scope of corporate 
governance should be attributed to the financial 

management for the reasons as follows: firstly, the 
objective of corporate governance is to reduce the 
agency cost, improving the efficiency of corporate 
governance, to maximize the value of enterprises, the 
financial management object ives are consistent; 
secondly, one of the main content of corporate 
governance is to deal with the relationship between the 
various interests related enterprise the financial 
management, and financial management also cover 
these content. Study on the categories as shown in 
Table II.

TABLE II
ON THE CORPORATE GOVERNANCE LITERATURE RESEARCH CONTENT IN THE SAMPLE

Content Excitation Ownership structure Internal governance mechanism External governance mechanism Other sum
2010 19 6 8 3 7 43
2011 7 8 13 1 3 32
2012 14 7 11 1 6 39
sum 40 21 32 5 16 114

From Table II, we can see that the literatures 
which research on corporate governance, incentive 
problems are Adequate. Most Chinese enterprises still 
prefer to use monetary incentive, but the theoretical 
research of equity incentive has been. Related samples 
15 articles on enterprise equity incentive, they are 
distributed in three years were 5, 3, 7, of high heat. At 
the same time, because of the implementation of equity 
incentive in China since December 31, 2005, the CSRC 
"management measures" incentive listing Corporation 
ownership before officially started, so in practice there 
are many problems  to be resolved. For example, our 
managers manipulate earnings have occurred, 

destroyed the positive effect of equity incentive; again, 
the equity incentive can effectively solve the discussion 
of shareholders and management problems of 
informat ion asymmetry in the enterprises of our 
country has not concluded. This correlation is a hot 
issue for experts and scholars to study and further 
research direction.

Secondly, research on the methods of modern 
financial management.

Modern methods of financial manage ment is an 
important part of the basic theory, the specific research 
contents as shown in Table III.

TABLE III
RESEARCH LITERATURE ON MODERN FINANCIAL MANAGEMENT METHOD IN A SAMPLE
content Internal control performance and performance evaluation Risk management other sum
2010 11 13 3 2 29
2011 24 13 5 2 44
2012 13 10 2 1 26
sum 48 36 10 5 99

It can be seen from Table III the internal control in 
the category accounted for the largest proportion, and 
in this three years have maintained the high heat. A 
series of recent economic problems exposed the 
attention and consideration of the internal control of 
the enterprise, the relevant state departments have 
issued internal control guidelines for enterprise 
construction policies specification. Based on this, the 
study of internal control has not limited to stand in the 
"separation of incompatible positions" point of view, 
but innovation into enterprise culture, the philosophy 
of China tradit ional culture perspective, maintains that 
the internal control and "people-oriented" concept 
combination, make the internal control and the 
formation of a "people" interactive relat ions, 
institutional arrangements to become a maintenance of 

the legitimate rights and interests of the various 
stakeholders (Wang Hai-bing, 2011) [2], and the 
internal control into the enterprise culture, to be 
spontaneous in enterprise management needs.

Based on the theory of financial management, in 
addition to the relevant documents of corporate 
governance and modern financial management method, 
samples are part o f this paper relates to the financial 
management of basic category, value management, 
agency theory, market efficiency, information 
disclosure and so on, but the research methods are 
usually based on the original quantitative analysis 
further or lateral ties for example, to discuss the 
informat ion disclosure, the separate parsing is not 
traditional, but the green financial management, 
corporate social responsibility and other issues together.

TABLE IV
THE RESEARCH CONTENT OF COMMON BUSINESS LITERATURE

content Financing management Investment management Operation management Distribution management sum
2010 29 15 5 17 66
2011 32 25 11 16 84
2012 33 22 8 12 75
sum 94 62 24 45 225

percentage 42% 28% 10% 20% 100%

660 Y. Zhou and R. Fu



C. The common business theory of literature
The common business theory has experienced in 

long history, it not be limited in purely academic 
discussion, rather than on the present situation, 
combin ing with the reality of China's economic 
development, the specific research contents as shown 
in Table IV.

Firstly, the research on financing management, 
investment management business are still the main.

Secondly, research on the universal service theory 
more practical.

For a long period of time, research on the 
financial management theory of the Western emphasis 
on the analysis of how to look for financial activ ities,
with a strong tendency of pragmatis m. With the 
thought of Western studies of communication impact, 
research in view of our country enterprise characteristic 
of financial management activit ies are more and more. 
For example, the financing problem of small and 
medium-sized enterprises to China and Chinese style 
folk lending relationship research, to explore our 
country enterprise income d istribution in the balance of 
efficiency and fairness and the distribution structure of 
the sustainable development of China's national 
economy influence, has the strong Chinese 
characteristics.

Thirdly, to shorten the gap between research in 
china and related theory of other country.

Chinese scholars make full use of "advantage of 
backwardness", with "fast run with small pace" way to 
go steady in the frontier of research of foreign scholars 
approacheds. For example, the "pecking order theory", 
"the free cash flow theory", "contract theory", in our 
country on the market  effect, the game between 
Chinese enterprise stakeholders, research on corporate 
earnings management issues.

Finally, Study on the content of "common 
business theory grafting" phenomenon more common.

The phenomenon of cross research between the 
specific content of universal service theory or general 
business theory and financial management theory often 
appear in. For example, the debt maturity about beam 
impact on executive compensation incentive intensity 
of [3], the enterprise again  qualification of financing 
and corporate dividend policy relat ions and other 
issues of the [4].

D. Special business theory
Special business theory is aimed at specific times, 

specific conditions, specific economic act ivit ies of the 
main financial management theory, this part  includes 
the research content as shown in Table V.

TABLE V
RESEARCH CONTENTS OF RELEVANT DOCUMENTS ABOUT THE SPECIAL SERVICE THEORY IN THE SAMPLE

content International financial 
management

The group's financial 
management

Strategic management of 
enterprises

Enterprise 
merger

bankruptcy 
liquidation sum

2010 2 7 8 6 1 24
2011 6 9 7 9 1 32
2012 3 10 6 5 1 25
sum 11 26 21 20 3 81

Research on the financial management of 
enterprise group can be div ided into two types of 
samples, one is the study on the subject of corporate 
governance, investment management, financing 
management problems enterprises, relevant content and 
is similar with the individual enterprises; another is 
focused on Internal Capital Market Research company. 
Samples with 8 articles relat ing to the enterprise 
group's internal capital market and external financing, 
financing cost pressure, internal resource allocation 
efficiency, enterprise value promotion etc.. Conclusion 
the study shows that the current scholars of China's 
internal capital market mixed attitude. Therefore how 
to improve the internal capital market  regulatory 
system, how to improve the internal free cash flow 
efficiency, how to prevent and eliminate the hidden 
crisis group issues need in future studies to obtain the 
reasonable solution.

E. Other theories
The research content of other theories more 

fragmented, sample articles related to this category is 
relatively s mall, but it does not exclude such contains a 
number of current financial management in our country 
in the field  research, such as the green financial 
management.

The green financial management is refers to the 
enterprise financial management related to 

environmental protection and sustainable development 
content. The study of this issue 13 articles samples, 
three years were 5, 2, 6 sample articles, visible in 
recent years has maintained certain research heat. The 
green financial information disclosure is another 
important content in this category, and often  associated 
with social responsibility together. The performance of 
green financial management informat ion embodies the 
social responsibility of enterprises, there are certain 
impact on corporate performance, reputation, so it is 
common concern of all stakeholders. The past research 
on the green financial management in  our country is 
mainly referring to foreign theories, but China has its 
own specific national conditions, and the sense of 
social responsibility of enterprises generally needs to 
be strengthened, the implementation of green financial 
management policy environment, material conditions 
have to be concerned about, how to encourage 
enterprises to disclosure of high quality green financial 
management informat ion, to prevent disclosure formal, 
need further study.

In addition, the "other" theory also studied the 
content of corporate social responsibility, enterprise 
innovation, financial fraud, usually studies these 
problems is presented as a composite type, cross type 
mode.
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F. From our country financial management theory 
research methods

The general research method in academic circles 
mainly  include normat ive study and Empirical Study of 
two categories. From the angle of research methods, 
this paper a total of 550 literatures which sample, using 
empirical research methods of the total of 431, 
accounting for about 78% of the total number of 
samples, the possession of absolute advantage in
number. And in these three years, the number of 
samples in each year using the empirical research 
method in  the total number of samples in the 
proportion of the corresponding year were 73%, 79%, 
83%, visible, an empirical wind gradually popular. 
Investigate its reason, first, with China's economic 
development, the capital market  gradually  improve, 
enterprise management more standardized. Based on 
this, the collect ion of relevant data is more easily and 
accurately, which provides conditions for the empirical 

research; second, a large number of problems in the 
financial management for quantitative analysis, 
suitable for the use of empirical research methods; 
third, the specific empirical research methods varied, 
can meet the needs of different research. The sample 
involved in the empirical research methods are 
mathematical and empirical research method, case 
analysis method, questionnaire survey method, 
descriptive statistics, as shown in Table VI. Among 
them, the mathematical and empirical research method 
with its low cost, operational characteristics, empirical 
research methods is the most commonly used sample. 
In addition, the case analysis method, especially multi 
case analysis method to comprehensive analysis, the 
analysis results more convincing advantage by some 
scholars favor. In recent years, often will study various 
empirical combined use, such as Liu Hao (2012) [5], 
the case analysis method with mathemat ical and 
empirical research method of combining study.

TABLE VI
STATISTICS THE NUMBER OF SAMPLES BY DIFFERENT METHODS OF EMPIRICAL RESEARCH ARTICLES INVOLVED

Empirical 
method

empirical study of 
math

Case 
analysis

Questionnaire 
investigation

Descriptive 
statistics other sum

2010 108 12 4 5 2 0 131
2011 126 11 10 6 3 2 158
2012 114 15 1 4 7 1 142
sum 348 38 15 15 12 3 431 

Note: 

IV. FUTURE DEVELOPMENT TREND OF THE 
RESEARCH ON THE THEORY OF FINANCIAL 

MANAGEMENT IN CHINA

Summary on the basis of previous studies, the 
author believes that the development trend of the 
theory of financial management of our country in the 
future will as the following [6-10]:

First, research on the theory of financial 
management in our country will relate to the actual 
situation of our country more closely.

Theoretical research can not be divorced from 
practice, or it will lose the meaning of the research. 
With the development of Chinese enterprises, we will 
have Chinese special theory of innovation more, but 
only to combine the theory study and actual situation 
of our country, in order to pract ical problems of 
financial management in China to provide more 
effective guidance [11].

Second, research that in line with the other 
country will become the focus of research in china, 
which is needs of China's economic development.
Although we are at the special situation, but it can not 
be denied the leading role of foreign advanced 
management experience to us. On the other hand,
because of the economic environment in China is 
different, the related theory is introduced to solve the 
specific problem of our country also need to prove, we 
research process should also pay attention to the actual 
situation of our country as a guide, not a reference to 
foreign research results .

Third, empirical research methods will continue to 
maintain the dominant position, at the same time, 
various research methods will coexist.

The empirical research method has an absolute 
advantage in the study of financial management theory 
in China, this advantage will continue to maintain. At 
the same time, in the empirical research in the future 
should be encouraged to study different methods of 
selection in different circumstances, and try to use 
different empirical studies to create favorable 
conditions. Construction quantity model study of 
mathematical demonstration should be combined with 
China's specific conditions for innovation, not blindly 
use foreign already constructed model [12].

Fourth, cross discipline of the phenomenon will 
become increasingly common

As China's economy continued to improve, the 
economy becomes more and more complex, simply 
using the knowledge of a certain subject to solve the 
problems in this area has become very thin. Cross 
disciplines tend to produce new research perspective, 
this phenomenon will be more prevalent in the future. 
The most common field is the integration of 
psychology and organizational behavior, the. There are 
a great span of d isciplines, such as the problem of 
investment and geography cross the field, the internal 
control and the philosophy of crossing. At the same 
time, the cross of research contents in this field will be 
more common among.

In summary, this paper analyzes the hotspot in 
recent three years in  the field  of financial management, 
the trend and direction of the future research 
expectation in the characteristic foundation of 
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summarizing the results of the present study is to 
provide reference for the follow-up study.
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Abstract - Social development, is an indicator of real 
growth, is the backbone of a nation. NPOs and NGOs 
working along with government play a pivotal role in social 
development. In the era of e-governance, handling resource 

are challenging issues for a Non Profit Organization. A NPO 
working in various domains across different parts of country 
finds it difficult to handle complex hierarchical information 
management system, which deals with men, machine, service 
and money. After studying metrics like cost, time and effort 
on an NPO according to client requirements many problems 
came into picture. Thus, this paper addresses, sheds its light 
upon the hidden factors and challenges associated with 
automation of an NPO and reveals how to deal with 
dynamically changing requirements. This paper attempts to 
create guidelines and provides a future direction to automate 
any NPO in near future. 

Keywords – Automation, capacity building, f
syndrome, NPO, NGO, resource mismanagement 

I. INTRODUCTION
In this era of globalization, a nonprofit organization  

deals with various operations. Sunrise is one of the major 
nonprofit organizat ions of India, which handles over 10 
million people associated directly or indirectly with 
organization. The organization maintains over 15,000 
team members, handling day to day operations of 
organization. Organization handles over 45 projects 
located at different parts of the India. A bureaucratic NPO 
generally consists of 3 different levels: Top-management 
(Founder/Visionary Person); Middle level management 
(Trustees, Office admin istration, Management committee) 
and Operational Level (onsite employees, office 
employees, volunteers).Funding is most important aspect 
for any organization. Funding for organizat ion is received 
from: Donations (Cash and kinds-Grains, materials) from 
people associated with organization and revenue 
generated from printing and publication of spiritual books. 

The NPO follows a manual system for recording  
diurnal operations (like Inventory management, Employee 
work allocation, Leave management, Budget management, 
Public Relations, Printing Publicat ion, Donation 
Estimates). It also manually maintains details of all people 
associated with organization. Records are maintained in  
isolated non-standardized local files (created as when 
required) in the form of excel sheets, word files and 
Google-form that do not generate reports. As a result ,
system has data redundant files which lead to inconsistent 
and ambiguous interpretation of informat ion. In such a 
complex manual system, it gets challenging for 
developers to elicit  useful informat ion required to develop 
an automated system for an NPO. 

Major problems of NPO are: complex system 

structure with diverse functionalit ies; large scale 
operations, different employee structure of an  NPO: It  
manages both paid employees and unpaid employees 
(Individual Volunteer). Unpaid  employees work in  
organization as per their wish (Fig.1). 

Objective of the paper is to address issues associated 
with software development for a NPO, and propose an 
area of research where open source products for NPO are 
not freely available. A lthough, some features like 
employee management, inventory management are 
available in open source libraries (like Open Pet ra), they 
do not satisfy the requirements of a specific NPO. For
example: existing open source Finance management 
system cannot make estimate of Donations obtained in 
Kind form(a sack of wheat, a kilogram of sugar, a b lanket, 
few p lates of homemade food offered etc.). We need an 

flexib le accord ing to NPO requirements and easy to 
maintain. 

Two major problems this paper addresses are: 
Rift between of organization and development team 
Problems development team face in  finding a open 
source product for NPO

Fig.1. Organizational Structure 

II. LITERATURE SURVEY 

Project init iation is the first point to begin with  
before starting any project work together with 
identification of various stakeholders that directly or 
indirectly  affects the project. Since, there are many factors 
associated with project development. Managing all those 
factors in an  NPO is a cumbersome task therefore it is 
essential to sight a number of works done in this direction. 

In [1], it exposes project development status in 
African countries. During their study, key observations 
identified were: ( the top five factors of project success) 
client/customer satisfaction, by project team skill level, 
senior management buy-in, communication or project  
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reporting, problem scope management and project 
delivery on time . 

Project complexity arises as lack of comprehensive 
list makes it  difficult not only for project managers but 
also for researchers to evaluate projects based on these 
factors [2]. Different projects have different set of 
requirements for example a coaching company and an 
NPO will have disparate requirements. So a careful study 
of such factors is required. 

Adnane Belout reveals that considerably less 
attention is given to the human resource factor associated 
behavioral system of pro ject management [3]. This study 
indicates how personnel factor p lays a vital role in project  
success. Lack of communicat ion between client and 
project team increases project complexities to a great  
extent. This results in changing requirement of the 
customer. In  turn, pro ject team is demotivated and it  leads 
to delay in overall project development. 

Camci, A. and Kotnour, T. identify the complexity  
of paradigm of systems. In  a NPO with varied numbers of 
operations and excessive departmentalization, complexity  
of system is difficult to access. In such systems measures 
for assessing project technology complexity is required  
[4]. 

Martin, N.L.; Pearson, J.M.; Furumo, K.A. Their 
findings suggest that project size influences budget and 
project quality.While project complexity influences the 
use of specific project  management p ractices [5]. So, we 
can stipulate that  big projects involve lot of complexit ies 
which involve budget, quality, project management style. 
In a NPO with bulk transactions and proliferating member 
base system automation is challenging. 

In data analysis by Yugue, R.T.; Maximiano, A.C.A.
on 313 pro ject managers indicated that the complexity of 
projects managed by the participants is  generated by the 
criticality of the goals and can influence the frequency of 
use of processes and techniques related to the project 
planning and people management [6]. If goal is clear 
among the team .It would not be d ifficu lt to figure out 
how project planning and management is to be done. 
When we have a complex system with inter-related short 
term goals, it becomes challenging to manage such kind 
of system.

In case study of UNESCO, it was revealed  that non-
profit organizations find it difficult to manage resource 
efficiently. Reason being specific goals and organization 
environment, non-profit organizations require appropriate 

is a paucity of resource management tools available for 
non Profit organizations. 

1) Kong, E. Perceptions of Information Flow 
and Sharing in Non-profit Organizations
perspectives of people internal to organization make an 
impact on development of a balanced relat ional cap ital [8].  
It can be inferred that development of a automated system 
requires active support of internal members of NPO. In  
our study, it was identified that NPO members do not 
corroborate with pro ject team or developers to facilitate 
them with documents necessary (for example: donation 

list and different entities) fo r automated system 
development.

2) Organizational learning and the effective 
management of complexity reveals how organizational 
learning will improve its management o f complexity [9]. 
Although, the paper refers to nonprofit private university, 
similar techniques are applicable to NPO as well.

It can be inferred from Lynda Rogerson; Derek Phair
paper that crowd outsourcing of a project can prove 
helpful and cost saving in handling complex systems.
The results of the study show that while there were 
inherent challenges engaging the crowd, there were also 
tangible benefits to the organization. These benefits 
included measurable cost savings and the ability to 
increase the number of projects worked [10]. 

Open source technology has progressed a lot since 
1998.It has been adopted in disparate ways still existing 
research does not describe the context of organizat ion 
studied, it fails to get benefit  from related fields [11]. Th is 
indicates there are several disciplines unexplored.

The promise and perils of a participatory approach 
to developing an open source community learn ing 

als that bring 
notable benefits as well as significant challenges for the 
parties involved with pro ject development. It  also 
insinuates how mismatched expectations, budget squeezes, 
and slipped schedules have been attributed to the 
development approach being too participatory and too 
open [12]. 

Similarly, a  paper reveals knowledge needs of a 
NPO indicates they work with limited number of 
resources. It also addresses their need for development of 
better knowledge management solutions [13]. It gives us 
an innuendo that volunteer motivation is main factor for 
recruitment and retentions. It implies that employee work  
as per their wish (unpaid/free employees).

TABLE I
BARRIER

Domain Issues Barriers
Organizational Inter-organizational 

Coordination
Divergent goals
Conflicting interests
Lack of resources,
Ineffective utilization of 
resources
Ineffective joint
assessment and planning 

Information 
management

Information 
availability and  
Accessibility.
Information quality
Information Sharing
Information distortion

Lack of sharing spirit
T imeliness,
Validation of information
Relevancy of information
Mismatch in time
Combining information  

There are several factors associated with technology 
and its use in non governmental institutions those factors 
include: financial barriers, technical barriers, 
communicat ional barriers, non conventional data, and 
different interpretations [14] (Table I). 

Coordination barriers play a major ro le in an  
organization. Since an organization manages several 
disciplines these factors are crucial and require diligent 
attention. Coordination barriers [15] addressed by Carleen 
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Maitland, Louis Marie and Andrea H. Tapia can be 
presented as: 

Non-profits organizat ions have certain impediments 
that are arduous to overcome  part t ime and volunteer 
workers, narrow specializat ion, little  to no experience 
with project teams, and political problems [16]. 

From literature review it is obvious that there is  
heterogeneity and gap between expectations of NGO laws. 
The identified challenging issues are:  
1. There is a dearth of open source software for NPO. 
2. There are several financial, communicational barriers 

in a NPO. 
3. Organization learn ing is related to project  

management complexity. 
4. Lack of system understanding is making it difficult  

for developers to manage projects. 
5. Existing open source projects do not describe the 

context in which organization is studied. 
6. Project size influences project budget and complexity. 
7. Lack of communication between client and project 

team increases project complexities. 
8. Different projects have different requirements. 
9. Customization of open source tool is difficult. 
 

III.PRESENT SYSTEM

Since NPOs fo llow non-profit strategy therefore 
these organization are different from the common profit  
oriented organizations. In current system, fo llowing are 
the stakeholders of a nonprofit organization (Table II): 

TABLE II 
STAKE HOLDERS OF NPO

Stake Holders Description
Visionary/Founder 
Members

A person or group of people who initially 
started the organization

Trustees

Include group of people are influential to 
work and keep the organization running. 
They help in generating funds for 
organization.

Organizing Committee It has a team of  experts who are involved in 
higher management of Organization

Office Admin and 
Department Heads

These are the middle level management 
employees who deal with day to day 
operation s of organization.

Paid Employees These consist of groups of employees, who 
are paid for their services in organization.

Individual Volunteer 
(Unpaid Employees)

These are those people who voluntarily 
work for the organization and they are not 
paid for it  

Government

Since NPOs rely on the government funding 
and approvals for their projects so 
government is an important stakeholder for 
NPO/NGO

Associated Members
These are those people who are associated 
with Organization. They consist of Donor 
and beneficiary of the organization.

Working flow of NPO can be described through 
following Fig.2.

Fig.2. The working model of a non profit  organization 
According to the Fig.2 the working model of a non 

profit organization can be divided into 9 steps. And these 
steps are as follows:
1. Problem is derived from society.
2. Visionary person finds the solution.
3. Organizing committee approves the solution.
4. Higher Management authorities (HMA) formulate the 

solution into project proposal and present it to 
government agencies for approval or funding.

5. Government Agency approves/funds the project 
proposal.

6. Higher Management Authorities ask associated 
member for donation for project.

7. Donor donates for project.
8. HMA provides a implementation plan to working team.  
9. Working team completes the project  and society is 

benefited.
Since feedback is involved at each and every level 

therefore bidirectional arrows are used. 
Till now, almost all the day to day operations such as 

maintaining records for inventory, allocation of work to 
employees etc are handled manually or on isolated i.e. 
non-standardized local files (created as when required) in  
the form of excel sheets, word files, Reg isters and Google 
forms. As a result, there is lot of redundancy, 
inconsistencies and ambiguities of informat ion. Getting 
useful information requires a lot of effort and somet imes 
it also requires instant creation of new files. 

IV. PROPOSED SYSTEM

In order to integrate and fully automate working of 
such organization, well structured system is to be 
developed. An online, transparent automated system that 
can handle future demands is required. Desirables from 
An NPO-automated system are described in Table III:
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TABLE III 
PURPOSED MODULES

Required Module Description
Public relation master 
Module

To maintain the information about all 
organization associated people so that they can 
have a central hub of information with them.

Human Resource 
module

ersonal 
information, attendance, work allocated to the 
employees, the status of the work etc.

Calendar and 
Schedule module

To create and maintain the schedule of events 
and corresponding reminders and checks

Inventory Module

To manage the information about incoming 
and outgoing items (machine/equipments, 
material or items may be any glossary item, 
stationary or any other item)

Liaison Module
To manage all liaisoning issues such as 
permission from government for any event or 
project

Project Module To maintain the all information about ongoing
projects.

Account module To maintain various accounts, sale and 
purchase, donations etc.

Report Module To generate customized (dynamic) reports for 
the all above modules.

V. ISSUES AND CHALLENGES

There are 4 major factors which p lay a v ital ro le in  
the development of an  automated system. These factors 
are man, money, material and machine. 

A. Problem related to Man 
Human resource of any system can  be broadly  

classified into two subcategories. One is development 
team of the system and another is the employees of the 
organization who are the user of the system. The 
development of any system depends upon the informat ion 
provided to by the employees of the organization to the 
development team. The following are the problems which  
may occur in development of the system because of 
human resource (HR) employed in development.
1) Problem related to the employee of the organization
1. Resistance- towards automation. As employees are not 

tech savvy, they don't willingly help in system 
automation. They have a phobia that they will lose 
their importance/power in the organization. 

2. Confusing informat ion- Since employees are unwilling 
for automat ion they do not provide full and accurate 
information about the organization. 

3. Out of box thinking-Employee in  such organization 
ask for the functionalities beyond the technical 
feasibilities.  

4. Demand of game-like tools: Since the employee are 
new to automation therefore the system should be 
made as intuitive as possible 

5. HCI with Regional language- Since these kind of 
organizations have employees from various parts of 
country and the employees are not much educated 
therefore the system must be developed in different 
regional languages. 

6. Quicker Deployment-Employee of organization ask 
for unrealistic deadlines for the development of the 
system. 

7. Communicat ion Gap-Proper communication between 
the employee and the development is also an issue.

2) Problem related to the Development team
1. Designing cannot be started before full and proper 

need identification/ preliminary survey is over. 
2. The organizat ion is scattered at various geographical 

locations, and understanding only one 
situations/location we cannot guarantee that we 
understood requirements comprehensively at other 
locations including field works. Hence, v isit at all 
these places is recommended. 

3. The system is very huge and complex (due to d ifferent 
types of projects, new field v isits/events for example: 
dynamic speech for empowerment of society). 
Therefore, visionary/ expert ise in  developing 
technologies are required. 

4. System study is a time consuming activity and to 
avoid repetition of any activ ity of system, proper study 
and time is necessary. Rapid development of the 
system is difficult since proper planning, executing 
and testing the system are required .Considerable time 
is required for a ll specified activit ies.(Client needs all 
things to be done in one week) 

5. Massiveness of the system requires skilled and trained 
developers who are well equipped for mobile 
application development, application programmers 
and lot of experience. Apart from appropriate 
motivated development team, who are managing their 
academics, conveyance and stationary are also 
required (along with communication cost- for proper 
communication among the team members). 

B. Problem related to Money 
For any organization, money is backbone of system, 

its informat ion is generally revealed only to trusted parties. 
Stipulating informat ion to student-cum-developer may not 
be a policy of organization. After the discussion with 
admin we got to know that the actual flow of money in  
NGO/NPO from charity is the main source of income. 
Therefore, this resource must be used in such a way that 
maximum effectiveness and efficiency can be ach ieved. 
How these funds are coming? Where it  is distributed? 
And how things are actually being managed? Answers are 
not clear. Similarly, turnover, input and output of 
publication department from money point of view is not 
clearly drawn, so in future some key decision oriented 
strategies may  not be finalized due to shortage of 
informat ion. Clear exposure of these kinds of details will 
be also beneficial.  

From development side: To reduce the set up cost, 
maintenance cost and to make robust software, we have to 
focus on the open source technologies for the 
development of the desired system. So that money can be 
utilized in the hardware setup rather then fulfilling the 
software requirements. Developing and using easy 
software (making from scratch) may lead to a problem 
that increases complexity in the development of the 
system. 

C. Problem related to Machine  
Server, computers, networks, Biometric devices, 

CCTVs, VSATs, Cloud services Modem/Routers -All 
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hardware and software issues lie  under this category. 
Following are the challenges for handling machines of 
NPO projects. Finance for the devices, access rights, 
control and maintenance of the devices, driver and 
updating from software are major issues. Hardware setup 
has to be done in such way that minor change in  the setup 
is required and future trends can be satisfied. Decid ing 
and selecting appropriate software and hardware (within  
allowed financial position) have a huge impact on 
choosing technology for development of the system. 

VI. CONCLUSION

This paper documents all the necessary steps carried  
out in the preliminary survey and requirements phase of 
automation of NGO. The complexity and diversity in the 
nature of NGO is the biggest challenge for the NGO 
automation. In India, general automated product for 
NPO/NGO is rarely  availab le. So this paper would  
provides a guideline for development of such projects 
even for open source platform that can be customized for 
effective and efficient utilizat ion with minimum available 
resource can be done. 

VII. FUTURE WORK

After investigating all facts and identification of all 
stakeholders and charting out all activ ities to be carried  
out, one can finalize blueprint o f tool. Further, agile based 
project development scheme can be used for staged 
implementation.  With user intervention, modification in  
the development methodology and their possible 
corrections (dynamic requirements) can be handled. With 
continuous review process and feedbacks the system can 
be used for the betterment/benefit of society.
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 Abstract - This paper presents a reinforcement learning 
method for a mobile vehicle to navigate autonomously in an 
unknown environment. Q-learning algorithm is a model-free 
reinforcement learning technique and is applied to realize 
the robot self-learning ability. The state-action Q-values are 
traditionally stored in a Q table, which will decrease the 
learning speed when large storage memory is needed. The 
neural network has a strong ability to deal with large-scale 
state spaces. Therefore, the neural network is introduced to 
work with Q-learning to ensure the self-learning efficiency of 
avoiding obstacles for industrial vehicles in unpredictable 
environments. Experiment results show that an autonomous 
mobile vehicle using the proposed method can successfully 
navigate to the target place without colliding with obstacles, 
and hence prove the self-learning ability of navigation in an 
unknown environment.

Keywords - Neural network, obstacle avoidance, 
Q-learning, reinforcement learning, unpredicted 
environments 

I. INTRODUCTION

 Traditional fixed industrial robots always have a 
place in many various industries, while mobile robots 
have the capability to move around in  their working 
environment. The mobility allows more flexib ility in a 
great number of industrial applications, such as 
warehouse transportation and distribution. Therefore, 
increased interest in mobile robotics is spread across all 
industries, especially in hazardous applications. 
 Industrial mobile robots should have the autonomous 
navigation capacity in  its working environment,  which 
aims to find a collision free path from a starting point to a 
target point [1, 2], such as transporting materials from one 
position to another in a warehouse. Global path planning 
techniques can be applied when a complete knowledge of 
the environment is acquired. While robots are working in 
unknown environments, local path planning techniques, 
which rely on sensory information of the mobile robots, 
has successfully proven adequate in achieving the task of 
obstacle avoidance, such as fuzzy logic control [3], 
potential field method [4], genetic algorithms [5].
 However, classic path planning methods have a 
common constraint that control strategy needs to be well 
designed by programmers. When the environment 
changes or the robot encounters situations that are not 
considered beforehand by designers, they may  make no 
reaction but execute the predefined coping strategy. This 
may lead to dangerous or even fatal consequences, such 
as collision, crash. In this way, such robot is still a kind of 
machine that perfectly  executes what it is taught without 
good adaptability. What we expect is a tru ly intelligent 

autonomous robotic system. Therefore, mobile robots 
with self-learning ability become a hot research topic. 
 Robot learning is normally realized by the interaction 
between the robot and the surrounding environment.
Reinforcement learning is a machine learn ing technique 
based on trial-and-error mechanisms, improving the 
performance by getting feedback from the environment [6, 
7]. This paper enhances the learning ability of industrial 
mobile vehicles based on accumulated interacting 
experiences. Reinforcement learning provides so many 
learning methods, and Q-learn ing is one of them [7-9].
However, Q-learn ing is usually applied to discrete sets of 
states and actions. In real applicat ions, the state spaces are 
continuous and large-scale spaces will bring the problems 
of the generation and the curse of dimensionality. Since 
neural network (NN) has a good generalization 
performance and can approximate any functions in any 
accuracy, it is natural that the implantation of neural 
network is one of the effective approach for solving the 
problem of discrete Q-learning generation [8, 10, 11]. 
 Some similar researches use exactly the same 
environment both to train the robot s learning ability and 
to test the navigation skills [12, 13, 14]. However, what 
we really expect is that the robot learns the obstacle 
avoidance behaviors in some environments and can 
navigate independently in a completely new unknown 
environment, which  will prove the feasibility and stability 
of the proposed navigation strategy. 
 This paper presents an approach of obstacle 
avoidance learning for mobile vehicles in an unknown 
environment by developing  a neural network based 
Q-learning architecture (NNQL). 
 The rest of the paper is organized  as follows. 
Q-learning design is described in Section II. Section III 
introduces the neural network and presents the 
architecture of the algorithm of neural network based 
Q-learning for mobile robot navigation. In Section IV, the 
experiment is conducted to show the simulation results of 
the proposed method. Section V draws the final 
conclusions. 

II. Q-LEARNING DESIGN
 Reinforcement learn ing is aimed at learning a
mapping from the states of the environment to the robot 
behaviors. The robot doesn t need previous knowledge 
about the surrounding environment. It  learns about the 
environment via interacting with it [9]. The structure of 
reinforcement learn ing in a mobile robot navigation 
problem is shown as Fig.1. The learning system perceives 
the environment and receives a state that describes it. 
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Then the system chooses an action from the action space 
to execute and then moves to a new state. Then, the 
system receives an immediate evaluation reward as well 
as perceives the new state. The purpose of the learning 
system is to find a control policy that maximizes the 
expected amount of reward during the learning period [7]. 

Fig.1. The structure of reinforcement  learning 

A. Models for mobile vehicles and the environment 
 The mobile robot is assumed that has three wheels, 
one in front and two in back. The vehicle is equipped with 
eight sensors around to perceive the environment, and 
each sensor is responsible for one reg ion of a range of 45º,
as shown in Fig. 2. The total sensor detection range of  is 
the interval . 

Fig.2. The vehicle and the detection regions of eight sensors 
 The working environment of the vehicle consists of 
its target and the obstacles , as shown in Fig.3. The init ial 
vehicle location and the goal are predefined, where the 
robot will try to reach the goal with free collision path in 
spite of the presence of obstacles in the environment. 

Fig.3. The working environment and the important distances 
 is the distance between the robot and the target 

and  is the distance between the robot and obstacles. 
 Several basic assumptions concerning the vehicle and 
the navigation environment are made here [9]: 

The position , the velocity , of the robot are 
known at each time instant.

range are known for the robot at each time instant.
The position of the target and the region of the 
target are known at each time instant.

B. States and actions spaces of Q-learning 
 Q-learning is aimed at learning a mapping from the 
state input to the action output. In a navigation problem, 
the robot perceives the state from the environment by 
means of its sensors, and this state of environment is used 
by a reasoning process to determine the action to execute 
in the given state. 
 The state spaces can be completely defined by the 
robot sensor information which detects the relative or 
approximate d istances and directions between him and the 
surrounding obstacles or the target. Hence, a state of 
environment can be expressed in a vector with eight 
components: 

 (1) 
 is the state at instant .  are the 

reading distances of each sensor. If no obstacle is found, 
then . 
 The action spaces are defined by five moving actions 
of the robot: move forward, turn left at 30º, turn left at 60º, 
turn right at 30º and turn right at 60º. The five actions are 
based on the vehicle orientation. 

C. The reward function 
 The reward function measures an immediate feedback 
for the action taken at  a given state. It evaluates how good 
or how bad the taken  action is at a  specific situation. 
Before giving the reward function, one environment state 
is classified into four different properties, called the state 
property:  

Safe State (SS): a state where the robot has a low or 
no possibility of collision with surrounding obstacles.
Non-Safe State (NS): a state where the robot has a 
high possibility of collision with some obstacles in
the environment.
Winning State (WS): one of the terminate states when 
the robot reaches its goal.
Failure State (FS): one of the terminate states when 
the robot collides with obstacles.

 The reward is given to the robot instantly when it 
moves from one state to a new state after executing one 
action. The reward function  is defined as follows: 

Moving from a Non-Safe State to a Safe State: 
.

Moving from a Safe State to a Non-Safe State: 
.

Moving from a Non-Safe State to a Non-Safe State 
but getting closer to the obstacles: .
Moving from a Non-Safe State to a Non-Safe State 
and getting away from the obstacles: .
Moving to a Winning State: .
Moving to a Failure State: .

D. The Q-value function 
 The Q-value function expresses the mapping policy 
from the perceived environment state to the executing 
action. One state-action Q-value  corresponds 
with one specific state and one action in  this state. All the 
Q-values should be initially set to zeros. Then the 
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Q-values will be updated while train ing the robot and this 
can be interpreted as the robot is learning. 
 At each time instant , the robot observes its current 
state of environment , then selects an action . A 
state-action Q-value  is now produced. After 
performing the action , the robot observes the 
subsequent state , and also receives an immediate 
reward  . Last, the current  is updated to its 
optimal Q-value  according to the following 
Q-value function [7, 15]: 

         (2) 

 is the learn ing rate, set between 0 and 1. Setting it 
to 0 means that the Q-values are never updated, hence 
nothing is learned. Setting a high value means that 
learning can occur quickly. 

 is the discount factor with a range of 0 and 1. If 
is close to 0, the robot will tend to consider immediate 
reward. On  the contrary, if  approaches 1, the robot will 
take more future reward into account. 

E. Action selection strategy 
 After obtaining the environment informat ion, the 
vehicle selects an appropriate action to execute according 
to the action selection mechanism. During learning, it is 
important to try different actions as much as possible, but 
the robot has also to solve the dilemma between 

 good way is to select 
actions applying the Boltzmann probability distribution. 

(3) 

 T is a temperature parameter between 0 and 1 that 
determines the stochastic probability of action selection.  
 Then, during the robot navigation process, in order to 
exploit the most the policy, the robot takes greedy action 
selection according to the following equation: 

(4) 

III. THE ALGORITHM OF NEURAL NETWORK
Q-LEARNING

 Traditional Q-learn ing is designed for the discrete set 
of states and actions. However, in the mobile robot 
navigation tasks where the state spaces are continuous due 
to the sensory inputs, a large-scale memory space is 
needed to store all the state-action pairs and the learning 
speed will decrease. In order to solve this dimensionality 
problem, the neural network is introduced, since it 
provides a good generalization performance as a un iversal 
function approximator. 

A. Architecture of neural network Q-learning 
 In the proposed NNQL, a three-layer neural network 
replaces the traditional Q-table and approximates the 
Q-value function, as shown in Fig.4.  

Fig.4. Three-layer neural network architecture 
 The inputs are the eight reading distances from the 
robot sensors, representing the perception of environment. 
The outputs correspond with the five action Q-values. The 
weight  is used to connect the input layer and the 
hidden layer, and similarly, the weight  links the 
hidden layer and the output layer. For the hidden units, 
the sigmoid function is used. 
 The feedforward neural network (FFNN) takes the 
responsibility to calculate the activations of the output 

represents the Q-value for the corresponding action in the 
given state. In FFNN, the weights  and  always 
keep unchanged. 

B. Backpropagation neural network 
 The backpropagation neural network (BPNN) is 
designed to train the neural network by updating the 
weights  and . Only a neural network with fu lly 
trained weights can be used in robot navigation tasks. The 
weight changes are based on the network s error, the 
difference between its output for a given input and a 
target value, what the network is expected to output. The 
optimal Q-value in  Eq. (2) is treated as the target for the 
output unit corresponding to the selected action. Gradient 
descent is used to optimize the network error [15]. 

C. The training process of neural network Q-learning 
 The neural network based Q-learning can be divided 
into two processes. The first one is the training process to 
train the robot learn ing ability, and the second one is the 
navigation process to use the trained policy to fin ish a 
navigation task. 
 Train ing the mobile robot is done by exposing it to 
different episodes of environments. The greater the 
number of episodes used to train the robot, the better will 
be the performance of the robot navigation. Each episode 
starts by perceiving the current state of the environment. 
The surrounding obstacle locations are supplied to the 
robot through its sensors. Once the current state is 
checked, if it is a Safe State the robot changes its 
orientation toward the target location, and moves one step 
forward trying to reach the target in the shortest path. If 
the current state is Non-Safe State, the robot inputs the 
current state into the FFNN and outputs all the possible 
Q-values. According to the Boltzmann action selection 
mechanis m, the robot takes an action and moves to a new 
state. Then, the robot checks the resulting new state, gets 
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the immediate reward and updates the Q-values 
accordingly. Then the updated Q-values are sent back to 
the neural network and the weights of the neural network 
get updated by using backpropagation algorithm. 
 Each episode has limited steps. The robot needs to 
reach the target within  the steps. If the robot runs out of 
the steps and does not reach the target, or if the robot 
collides with an obstacle or reach the target, the episode is 
terminated and a new episode is started.  

D. The navigation process using the learned algorithm 
 After training the robot, the resulting policy can be 
used by the robot for future navigation tasks in various 
environments. 
 The robot starts its navigation by finding its current 
environment state. If it  is a Safe State the robot changes 
its orientation towards the target and moves one step 
forward. It continues moving until entering a Non-Safe 
region where adopts the trained policy. The robot uses the 
FFNN to generate all possible Q-values. The robot takes 
the action that has the biggest Q-value. After that, the 
robot finds its new current state and repeats the process 
until the robot reaches its goal or collide an obstacle. 

IV. SIMULATION AND RESULTS

 In order to evaluate the proposed method, the 
simulation experiments are carried out in MATLAB. The 
mobile vehicle is represented by a rectangle-shaped robot. 
It is equipped with 8 sensors to observe the environment, 
as shown in Fig. 1. The environment map has a size of 
100 m × 100 m. The obstacles are randomly scattered in 
the environment and the robot has no prior knowledge of 
their numbers, sizes and positions. The init ial position of 
the robot is placed at (20, 20) and the target position, a red 
circle in the map, is found at (90, 90). The velocity of the 
robot is fixed at 2m/s. The mission of the robot is to start 
from the initial position and to find an  optimal path to 
arrive at the target position without any collision with any 
obstacles. If no obstacles are detected, the robot is 
designed to move directly to the target. 
 The neural network has three layers: 8 in the input 
layer, 6 in the hidden layer and 5 in the output. The input 
is eight reading distances from the robot sensors. The 
range of sensor detection is 10 m. The output is five 
action Q-values. The experiment parameters are selected 
as follows: 

Learning rate: ,
Discount factor: ,
Maximum temperature: ,
Minimum temperature: .

A. The training process simulation 
 1000 ep isodes are set in the learning process and each 
episode has a maximum of 500 moving steps. All 
episodes have different configurations of random obstacle 
positions. A new episode will be started in the following 
three situations: 

The robot finds a collision free path to the target;

The robot collides with an obstacle or the map 
borders;
The robot runs out the moving steps.

 The train ing process will be terminated when all the 
learning ep isodes are fin ished. Some training ep isodes are 
shown in Fig.5.

Fig.5. The robot  is learning in different learning episodes 

 Since the p roposed algorithm is a trial-and-error 
method, it is reasonable that a great number of episodes 
failed due to a collision. In these episodes, the robot 
learned to navigate in different environments and we can 
see that the robot tried different actions and the rewards 
evaluated this action decision, which  can help the robot to 
correct the action selection in the future. During all 
episodes, the proposed algorithm adopted BPNN to train 
the weights  and . When the learning process is 
completed, the weights have been well trained and can be 
used directly in the following process of robot navigation. 

B. Robot navigation process simulation 
 In the navigation process, the weights  and 
have converged to their optimal values. The robot has 
learned how to behave in front of obstacles. The FFNN is 
now only adopted, and the robot chooses the best fit 
action. Then it is the time for the mobile robot to 
demonstrate its intelligence of independent navigation in 
an unpredictable environment. 
 Fig.6 shows that the robot was exposed to a new 
unknown environment and it succeeded in getting to the 
target position in a collision free path. 
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Fig.6. The robot navigation process 
 Then, in order to test the stability of the proposed 
method, the robot executed other navigation missions 
using the same weights and the policy, as shown in Fig.7.

Fig.7. Other navigation processes 
 The robot navigation environments changed in the 
above two missions, and the robot completed both tasks 
successfully. The paths that the robot chose may not be 
the optimal ones due to a lack of complete knowledge of 
environment map, but they are still acceptable and perfect 
enough to meet our expectation. Therefore, the above 
experiments have proven the feasibility and the stability 
of the proposed NNQL algorithm. 

V. CONCLUSION

 This paper explores the mobile vehicles navigation 
problem in the context of industrial applicat ions by
combin ing reinforcement learning and neural network. 
Q-learning is applied to enhance the self-learning ability 
of a mobile robot through trial-and-error interactions with 
an unknown environment. The neural network is 
integrated to store and train the large-scale Q-values. 
Therefore, an intelligent control strategy using neural 
network based Q-learn ing is implemented in the paper. 
The experiment results show the feasibility and the 
stability of the proposed method. The mobile vehicle can 
complete navigation tasks safely in an unpredictable 
environment and becomes a tru ly intelligent system with 
strong self-learning and adaptive abilities.
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